GUIDELINES FOR VEGETATION SAMPLING

Montana Department of Environmental Quality
Permitting and Compliance Division
Industrial and Energy Minerals Bureau
Coal and Uranium Program
Helena, Montana

REVISED 2009



ACKNOWLEDGEMENTS

This document originally included sections on technical vegetation
standards, normal husbandry practices, and a host of other pertinent
subjects. It was authored by Dave Clark in the late 1990’s while he
served as the Coal Program vegetation ecologist. Dave subsequently
moved on to New Mexico’s coal program. In 2003 the Montana State
Legislature enacted a significant rewrite of the Montana Surface and
Underground Mining Reclamation Act (MSUMRA), resulting in substantial
rule changes in 2004.

As a result of the changes in the law and rules, many of the
specifications and requirements in the original document no longer
applied. The basic approach to reclamation and bond release changed
from one focused on vegetation to one focused on post-mining land use,
and requirements for monitoring had changed. Many of the rules cited
had been repealed and much of the numbering had been changed. In
addition, the Office of Surface Mining had dropped its requirement to
approve the states’ vegetation guidelines, but not the list of normal
husbandry practices.

These changes necessitated wholesale rewrites of the technical
standards and normal husbandry sections, which have been put into
separate documents. However, the sampling guidelines were still quite
applicable; for the most part, they needed only reworking to conform to
the new rule numbers.

Shannon Downey completed the rewrites to this document, and any
errors contained in this version are likely the result of mistakes made in
eliminating references to repealed rules or making corrections to conform
to changes. The treatise on sampling that Dave originally produced is
clear, concise, and rigorous, with a good bit of statistical elegance. His
contribution to Montana and the general reclamation community is
heartily acknowledged.



TABLE OF CONTENTS

LI 1 L o Yo [T oY 1
2. SamMpPling Methods .....eeuieiei e 2
2.1. Ecological Site & Vegetation Community Descriptions................. 3
2.2. Annual ProdUucCtion ........ceniiiiii e 4
e T o )= 6
S I = o LY 1 Y PP 7
2.5 Uy e 7
3. Phase Ill Bond Release Evaluations.........cccoeeviiiiiiiiiiiiiieiccceeeeeee e, 8
3.1. Hypothesis Testing for Production, Cover, and Density............... 8
4, References CIted .....oveuiiuiiiiiiiiiie e e e e e ae e e e e eneennns 13
Appendix A Statistical Formulas, Examples, and References.......... AT-A21
1. Sample AdeqUACY....cceeiieie e e e Al
2.  Homogeneity of VarianCes .......ccovveuiiiiuiiiiiiieii e eea A3
3.  One-Sample, One-Sided £TeSt .ccoeeniiiiiiieiei e A5
4. One-Sided tTest for Two Independent Samples........cc.cc..ce....e. A5
5. One-Sample, One-Sided Sign Test.....ccoeviieiiiiiiiiiiieieeeceee e, A7
6.  MannN-Withey Test. .. A8
7.  Satterthwaite Correction .....cceoeeuviniiiiiiiiei e Al13
8. Data Transformation......ccccoveuiieiiiiiiiii e Al4
Tables AT — Ad ..o A17-A21
Appendix B Vegetation and Land Use Rules .......c.coeniiiiiiniiniennnnnnn. B1-B4
Appendix C Montana Range PlantsS.......cccccveiiiiiiiiiiiiiic e, C1-C14



Vegetation Sampling 2009

INTRODUCTION

The Administrative Rules of Montana (ARM) at 17.24.726(1) require the
Department to supply guidelines which describe acceptable field and laboratory
methods to be used when collecting and analyzing vegetation production,
cover, and density data. The following information addresses this requirement.
Additional guidelines regarding the use of reference areas and a framework for
technical vegetation standards can be found in another document. Approved
normal husbandry practices are discussed in a third document.

Appendix A provides formulas, examples, references, and tables for use
in sample adequacy and bond release evaluations. Appendix B is a listing of
vegetation and land use rules that should be reviewed for compliance.
Appendix C is a copy of Montana Range Plants, by Dr. Carl Wambolt, which was
published in 1981 as Montana State University Cooperative Extension Service
Bulletin 355, and is reproduced here by permission of the Extension Service.
The bulletin characterizes the longevity, origin, season of growth, and response
to cattle grazing of most Montana range plants, and is suggested as a
classification standard for vegetation inventories.

Please read these guidelines carefully and completely prior to initiating
any vegetation inventories or analyses. A preliminary meeting and site
reconnaissance with Department staff is strongly recommended, as is the
submittal of a plan of study to ensure that all relevant rules will be efficiently
addressed.

The Department has sought to ensure that each of the methods
recommended and approved in these guidelines is technically sound and
unambiguous. Methods other than those presented here certainly exist and
may be acceptable. The use of procedures or practices that are not included in
these guidelines, however, requires prior approval of both the Department and
the Office of Surface Mining (30 CFR 732.17 and 816.116). Alternative methods
that are contained in active mining permits have already received state and
federal approval.
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SAMPLING METHODS [ARM 17.24.304 AND 726]

The field and laboratory methods described below are approved for use
during vegetation baseline, reference area inventories, and Phase Il bond
release evaluations. Sample adequacy must be attained for total production,
total live cover, and woody-taxa density estimates of each plant community
during all inventories and bond release evaluations (see the Sample Adequacy
discussion in Appendix A). Appropriate sample sizes for other specialized
monitoring (e.g., status of threatened and endangered species) will be
determined on a case-by-case basis, depending on the specific purposes and
the vegetation attributes for each monitoring.

Periodic revegetation monitoring, as per ARM 17.24.723, is not required
to follow these parameters. Such monitoring should be designed to facilitate
management needs during the responsibility period and to confirm that the
community development of reclaimed vegetation is tracking toward the Phase lli
success standards.

All technical data submitted shall include the name and affiliation of the
principal investigator, the dates of data collection, a description of the methods
used, and listings of all references used and consultations conducted during the
study. Raw vegetation data in an electronic spreadsheet format and map data
in a digital format shall be submitted to the Department. Consult with the
Department concerning software compatibility.

The Department recognizes that each sampling method has inherent
strengths and weaknesses. The Department strongly encourages all companies
select methods that are best suited for meeting defined monitoring goals, while
taking advantage of the methods strengths and minimizing the affects of the
weaknesses. To help insure that valid methods are used and appropriately
applied and that the data collected for the various analyses are reliable,
applicants and permittees must submit a QA/QC plan for review and approval
by the Department prior to initiation of vegetation monitoring.

Upon implementation of specific vegetation monitoring methods, the
Department strongly encourages the operators to maintain, to the extent
possible, the same investigators for the duration of the project (not only
annually, but year to year). Due to the importance of this issue in providing
sampling consistency etc., the issue must be addressed in the QA/QC plan. For
purposes of comparison, the data from reclaimed and reference areas must be
collected during the same time period to ensure that vegetative growth is
similar in the two areas. To provide for better year to year comparison, data
should be collected during the same vegetative growth period each year. This
consistency should reduce sampling variability and increase data quality. The
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Department will make regular field inspections during the sampling process to
assess the field application of the sampling method and the quality of the data
being collected. Changes to the sampling methods may be recommended or
required based on the results of the field review.

2.1 ECOLOGICAL SITE AND VEGETATION COMMUNITY DESCRIPTIONS

An ecological or range site map for the permit area at a scale of 1": 400’
shall be prepared on a pre-mine topography base. The ecological site map
shall be based upon USDA Natural Resources Conservation Service (NRCS) soil
survey data and the Ecological Site Descriptions, plus any additional permit-
area soil survey work required by the Department. Mapped polygons shall
identify the soil groups and extant range conditions, consistent with NRCS
guidelines (except that percent relative cover may be used as a measure of
species' importance, in lieu of percent air-dry weight). Be sure to cite which
version of the NRCS guidelines is used, and use that version consistently. It is
recommended that mapped pre-mine land use information [required by ARM
17.24.304(1)(D] be included on the ecological site map.

A vegetation community map for the permit area, and if proposed, any
outlying reference areas, shall be prepared at a scale of 1":400' on a pre-mine
topography base. Based on a review of the range and soil maps, aerial
photographs, USGS orthophoto quads, and a reconnaissance of the permit area,
preliminary physiognomic type and/or community polygons shall be delineated.
A stratified random sampling scheme based on the preliminary polygons shall
be designed for the collection of production, cover, and density data.

Refinements to community boundaries and designations, and consequent
adjustments to the sampling scheme, will undoubtedly be necessary as
sampling progresses. A gridded overlay and random numbers table carried in
the field may facilitate placement of additional sampling locations in an
unbiased manner. Permit-area and disturbance-area boundaries shall be
delineated on the vegetation map, as well as reference area locations and
boundaries. All sample locations shall be indicated on the vegetation map. All
discovered locations of any listed or proposed threatened or endangered plant
species shall be identified on the vegetation map.

A narrative description of each vegetation type shall be submitted, listing
associated species and discussing the environmental factors controlling or
limiting the distribution of species. Current condition and trend shall be
described for each community and any significant variants of a community.
Individual plot or transect data (either as spreadsheets or field sheets) shall be
submitted, as well as summary tables. The following information and site
attributes shall be reported for each sample location, as well as for sites which
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provide habitat for listed or proposed threatened or endangered plant species:
date, personnel, aspect, percent slope, topography (ridge, upper slope,
midslope, bench, lower slope, toeslope, swale, bottom), configuration (convex,
concave, straight, undulating), and a brief description of the substrate. Record
incidental vegetation species which are observed adjacent to sample locations
or while traveling between locations. A table of the permit-area and
disturbance-area acreage of each vegetation community shall be submitted.

Applicants shall submit a list of the scientific names of all vascular plant
species observed in each vegetation community (baseline inventories) and
revegetation/ physiognomic type (bond release evaluations). The USDA NRCS
PLANTS Database is the preferred reference for nomenclature.

2.2 ANNUAL PRODUCTION

Production sampling shall be conducted as near to mid-July as possible,
to accurately estimate peak standing crop in our area. Production standards are
based on total herbaceous production. Samples need not be segregated by
functional group or species, although segregating at least a subsample of the
quadrats would facilitate an accurate determination of range condition during
baseline and reference area sampling, and is advised.

The clipping of vegetation within 0.5 m2 quadrats has become the
standard method of estimating herbaceous production on Montana coal mines,
although the use of quadrats ranging in size from 0.1 m2 (in very dense
grasslands) to 1.0 m2 (in sparsely vegetated sites) may be acceptable, in
consultation with the Department. If livestock grazing is anticipated prior to
sampling, production sample sites may need to be located and adequately
protected (caged) before grazing begins. Live herbaceous vegetation shall be
clipped to ground (or caudex/root crown) level, bagged, and dried to constant
weight. Either air-drying or oven-drying may be used, but the drying method
must be specified and applied consistently to all samples (oven-dried weights
often average 10% less than air-dried weights). Sample weights shall be
reported as grams/mz2, and class productivity as pounds/acre. If kilograms/ha
is reported, the converted value for pounds/acre must also be reported.

ARM 17.24.301(61)(d) defines commercial forest land as acreage which
produces or can be managed to produce in excess of 20 cubic feet per acre per
year of industrial wood. ARM 17.24.304(1)(I)(ii) requires an analysis of the
average yield of wood products from such lands. Thus, an estimate of timber
production must be made for forested acreage that is proposed for disturbance.
In eastern Montana, ponderosa pine savannahs (i.e., grasslands with scattered
trees, but less than 25% tree canopy coverage) are not expected to yield wood
products in excess of 20 ft3/ac/yr (Pfister et al. 1977, B. Dillon, DNRC forester-
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-pers. comm.). Therefore, annual wood production need only be calculated for
ponderosa pine-dominated communities having 25% or greater pine canopy
coverage. Yield capability data from similar sites may be cited if available from
the USDA Forest Service or the Montana Department of Natural Resources and
Conservation. If such data are not available, the following procedure may be
used to estimate wood product annual production and tree density.

Estimate basal area (square feet of wood) per acre from a minimum of
three randomly located sample points for each pine-dominated community up
to 10 acres in size; add an additional sample point for each additional 10 acres
of that community, or portion thereof. A Relaskop, angle-gauge, or prism may
be used to determine sample trees by the Bitterlich variable-radius method
(Chambers and Brown 1983). Select a basal area factor (BAF) and
corresponding sighting angle that will result in 5-15 trees being sampled at
each sample point (a BAF of 10 is generally appropriate for eastern Montana
ponderosa pine stands). The diameter at breast height (DBH), age, and height
of the sample trees are measured, and the trees are assigned to 4" DBH size
classes (e.g., 0-4", 4-8", 8-12", 12-16", 16-20", and 20"+).

Tree heights may be measured by reading the T scale of the Relaskop at a
distance of 66 feet from the tree or by reading the tangent of angles from the
percent scale of instruments like the Abney level or Sunnto level. Tree ages
shall be measured by counting annual rings of increment cores. Age need only
be measured for one tree (the first encountered) in each DBH size class at each
sampling location. Add 10 years to the ring count if boring at breast height, to
account for seedling growth to that height (B. Dillon--pers. comm.) or bore as
near to the ground as possible. Age may be estimated by a whorl count on
smaller trees.

If a density estimate is being made for all trees, the basal area of junipers
and deciduous trees may be calculated in a similar manner, grouping the trees
into 4" DBH size classes by species. Heights and ages are not required for non-
timber species.

For each DBH size class, calculate
1. mean basal area/tree = 0.005454 (mean DBH?)

2. mean basal area/acre = total number of trees sampled/number of sample
points x BAF

3. number of trees/acre =  _mean basal area/acre
mean basal area/tree
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4. volume/acre/year = mean basal area/acre x mean tree height/mean tree
age

(DBHs are in inches, heights are in ft., basal areas are in square ft., and volumes
are in cubic ft.)

Sum the volume/acre/year estimates from each of the DBH size classes
and reduce the sum by 25% to account for yield losses due to log taper, bark,
and defects (B. Dillon--pers. comm.), thus obtaining the final estimate of the
yield capability (annual production) for each ponderosa pine-dominated
community. For each tree species, sum the number of trees/acre for each size
class to estimate density.

2.3 COVER

Percent cover for bare ground, rock, litter, lichens, moss, and each
vascular plant species shall be recorded. Cover subtotals shall be calculated for
each native and introduced functional group, and total live vegetation cover
shall be reported. Relative cover of functional groups shall also be calculated
and reported. Relative cover, frequency, and constancy of species' occurrence
may be reported in summary tables, but are not required.

Cover measurements may be made by point intercept, line intercept, line
point, or ocular estimation. No matter which method is selected, special care
must be taken to obtain an accurate estimate for species with relative cover
near 1%.

The point intercept method, as originally conceived by Levy and Madden
(1933), involves dropping a series of pointed pins (usually 10) through a frame
and recording the nature of the cover touched by each pin. More recently, the
method has been modified to include the use of cross-hairs within low-
magnification sighting tubes and laser light beams, rather than pins, to indicate
sampling points along a transect. Each randomly located frame or transect
constitutes one sampling unit.

The line intercept method (Canfield 1941) is conducted by laying out a
measuring tape along a randomly-selected bearing and summing the lengths
intercepted by each species' canopy. Considerable overlap of species cover
occurs when the line intercept method is used on moderately- to densely-
vegetated stands. Under such field conditions the method can be quite time-
consuming, and in consequence it has only rarely been used on Montana coal
mines. The line intercept method is most efficient as a means of estimating
either shrub or low, sparse herbaceous cover. Each randomly located transect
represents one sampling unit.
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The line point method (Heady et al. 1959) is a sort of hybrid of the point
intercept and line intercept methods. It is implemented by laying out a
measuring tape along a randomly selected bearing and recording the nature of
the cover at several (usually 100) points along the tape. Each randomly located
transect represents one sample unit. Herrick et al (2005) provide an updated
version of the line-point intercept method, along with data forms.

If Daubenmire's (1959) ocular estimation method is used, the procedure
should be modified so that absolute cover is estimated to the nearest percent.
However, if the use of Daubenmire's (or smaller) coverage classes has
previously been approved, such use may be continued for the sake of
consistency. Acceptable quadrat sizes are not fixed and will vary depending on
the vegetation characteristics and the experience of the investigators; sample
quadrats ranging in size from 0.1 to 0.5m2 (and sometimes larger) have been
approved for use on Montana coal mines. Each randomly located transect with
10 systematically placed quadrats represents one sampling unit.

2.4 DENSITY

When comparing the stocking rates of revegetated areas with reference
areas or historic record technical standards, only living, healthy plants may be
counted. Countable trees, shrubs and half-shrubs on revegetation must be at
least 2 years old.

Shrub and half-shrub densities have been measured on Montana coal
mines by direct counts within rectangular or circular plots or belt transects, and
in a few cases where the inventory areas were small or woody taxa had low
densities, by total counts. Plot or belt transect dimensions are not fixed and
may be selected in accordance with site and vegetation characteristics; plots
and belt transects ranging in size from 10m2 to 100m2 have been approved for
use. The total number of stems per quadrat and a calculated estimate of the
number of stems per acre for each woody species shall be reported.

Tree densities may be estimated by counts within 0.1-acre circular plots
(radius = 11.35m or 37.24ft), or by the Bitterlich variable-radius method
previously described for estimating timber production. Tree density in
savannah communities may also be measured by counts from aerial
photographs. Lindsey et al. (1958) assessed the efficiency of various plot-
based and plotless sampling techniques for measuring both density and basal
area in forests. They took into account the time required for sampling
sufficient units to attain a standard error of 15% of the mean, as well as the
time spent moving between sampling sites. It was concluded that the Bitterlich
variable-radius method was most efficient if basal area was important, and that
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a 0.1-acre circular plot was the most efficient method if only density data were
required.

2.5 UTILITY

A map and supporting narrative description of the pre-mine condition,
capability, and productivity within the proposed permit area are required. If the
pre-mine land use was changed within five years of the anticipated date of
commencement of mining operations, then the historic land use shall also be
described. Land use capability must be analyzed in conjunction with the
baseline climate, topography, geology, hydrology, soils, and vegetation
information. The productivity of the proposed permit area shall be described in
terms of the average yield of food, fiber, forage, or wood products obtained
from such lands under high levels of management. Productivity may be
determined by site-specific yield data or estimates for similar sites based on
data from federal or state agencies, or state universities.

For the purpose of bond release, utility need not be demonstrated for any
lands disturbed after May 3, 1978. For bond release on lands where all
disturbance occurred prior to this date see the discussion at 3.8 in the
Framework for Technical Vegetation Standards. Demonstrating utility for
livestock is one of the methods for showing eligibility for Phase Ill bond release
on these lands. Average weight gain per day or average gain per acre are
excellent integrated measurements of livestock production capability in
response to the quantity and quality of both forage and water. Alternatively,
showing AUM’s of grazing per acre, combined with percent utilization data (or
pounds per acre of residual vegetation), is also an acceptable method for
demonstrating livestock utility.

PHASE 11l BOND RELEASE EVALUATIONS

3.1 HYPOTHESIS TESTING FOR PRODUCTION, COVER, AND DENSITY [ARM
17.24.726]

Population parameters which must be statistically tested are total
production, total cover, and woody-plant density. The hypotheses which are
tested during Phase Il bond release evaluations are: (1) the null hypothesis,
that the parameter mean of the revegetated area is less than 90% of the
parameter mean of the reference area, vs. (2) the alternative hypothesis, that
the parameter mean of the revegetated area is greater than or equal to 90% of
the parameter mean of the reference area (Ames 1993):
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(]) Ho : HUrevegetation < 0.9 WUreference area
(2) Ha: HUrevegetation > 0.9 WUreference area

Note that the above formulation of the null hypothesis is different than
the classical null hypothesis that is applied to experimental analyses. In the
classical case, a hypothesis of no effect is assumed until convincing evidence of
the high probability of an experimental effect has been acquired. However, the
classical null hypothesis is inappropriate when applied to surface disturbances,
where there is no question that an effect has occurred. The appropriate
guestion is whether or not the performance standards required by regulation
have been achieved (Erickson 1992, Erickson and McDonald 1995).

The so-called reverse null hypothesis, as presented above, is more than
just theoretically correct. Inadequacies and difficulties that are encountered
when the classical null hypothesis is misapplied become moot when the null
hypothesis is correctly formulated. For example, under the classical null
hypothesis, it would be to a company's advantage to collect few samples with
high variance and poor quality control, in order to minimize the power of the
test and thus the chance of rejecting the assumption of "no effect". Companies
taking more samples and practicing better quality control may be at a
disadvantage by having greater power to detect a statistically significant
difference between reclamation and the performance standard. The
Department would have to counteract these basic flaws with a web of
regulations designed to control both the precision and the power of hypothesis
tests, under all conceivable circumstances.

The classical null hypothesis approach may be used, however, if this
route is chosen, it is incumbent on the operator to unequivocally demonstrate
sample adequacy. Sample-size equations have been derived for populations
which are normally distributed, but when such equations are used with data
that are not normally distributed or not evenly dispersed, as is often true with
biological populations, the calculated sample sizes may be unreasonably large.
Likewise, if a preliminary sample is too small to contain much information, even
data from normally distributed populations may result in sample-size
overestimates (see the Sample Adequacy discussion in Appendix A). An
arbitrary maximum sample size must be negotiated, and the degree of
sampling effort expended may be more dependent on the skill of each side's
negotiators than on the characteristics of the vegetation.

Under the reverse null hypothesis, however, if the performance standard
has not been achieved there is no sample size that will indicate otherwise
(McDonald and Erickson 1994). Small sample sizes and poor quality and
variance control practices will not enhance the operator's chances for bond
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release. Therefore, when conducting Phase Ill bond release evaluations using
the reverse null hypothesis the operator may select the number of samples to
be collected, and the Department's responsibility will be to ensure that the data
are randomly selected and properly stratified (that is, the data must be
unbiased observations from the populations for which inferences are being
made). The most important consideration to remember about random
sampling is that all locations within the population of interest must have an
equal probability of being included in a sample.

For the sake of guidance, the Department recommends a minimum
sample size of 30 for each population, and population parameter, to be tested.
This is the approximate minimum sample size necessary to invoke the central
limit theorem, which holds that even if the original population is not normally
distributed, the standardized sample mean is approximately normal if the
sample size is reasonably large. The central limit theorem thus validates the
use of parametric procedures no matter what distribution the original
population may have (Snedecor and Cochran 1980, pp. 45-50). Parametric
procedures are generally more powerful than their nonparametric equivalents,
and using parametric tests should improve an operator's ability to reject the
null hypothesis if the performance standard has been achieved.

Data transformation may effectively increase the power of a hypothesis
test. If a test statistic for untransformed data fails to indicate that the
performance standard has been achieved, it would be advisable to apply one or
more of the transformations discussed in Appendix A to the data and re-test.

The arcsine transformation is used to approximate the normal
distribution for percentages (such as percent cover) which naturally form
binomial distributions when there are two possible outcomes (i.e., live cover
either is or is not hit). If percentages range from about 30 to 70%, as is typical
with Montana vegetation cover data, there is no need for transformation. If
many values are nearer to 0 or 100%, however, the arcsine transformation
(described in Appendix A) should be used.

Equal sample sizes should be collected whenever two or more
populations are being compared. Parametric tests are not seriously affected by
unequal sample variances when sample sizes are equal, but the combination of
unequal variance and unequal sample size may result in a higher Type | error
rate than is specified by the o level of the test (Neter, et al. 1985, p. 624). By
rule, the level of the test must be held at o = 0.10. The Satterthwaite
correction, discussed in Appendix A, provides another means of ensuring that
the specified a level is maintained.

When comparing the total live cover of two populations, most operators

10
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separately tally first-hit (top-layer, non-stratified, without-overlap) cover and
multiple-hit (all-layer, stratified, with-overlap) cover. If first-hit cover tends to
maximize at 100% (for example, when evaluating special use pastures), then the
multiple-hit cover should be compared in order to better approximate the
normal distribution. Since the normal distribution is an additive model, adding
cover strata together to approximate the model is legitimate.

Naturally, the methods and personnel used to estimate total live cover
must be exactly the same whenever samples from two populations are going to
be compared.

Production sampling must be conducted as near to mid-July as possible,
to accurately estimate peak standing crop in our area. Reference area and
reclamation production sampling efforts must not be separated by more than
two weeks, to minimize sampling bias.

In consideration of the above discussion, the Department recommends
the following hypothesis-testing procedures:

1. Design a study and submit the plan to the Department for review, to
ensure that all relevant rules will be addressed.

2. Collect the data, and check for normality (that is, symmetry about the
mean). Histograms or the distribution plot functions found in any
statistical software package are adequate for determining whether the
sample distribution is approximately normal.

3. If two populations are being compared, the assumption of equal variances
should be verified by Levene's test (Appendix A).

4. Choose the appropriate procedure as described below, based upon the
preliminary test results. The nonparametric tests (i.e., sign test and Mann-
Whitney test) should not be substituted for parametric tests if the data
appear to be normally distributed, since the operator's power to reject the
null hypothesis will likely be reduced. Appendix A provides statistical
formulas, examples, references, and probability tables for each of the
approved procedures.

5. Submit a copy of each hypothesis-testing calculation which is conducted in
support of an application for bond release.

11
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Preliminary test
results

Comparing two independent
samples

Comparing to a
technical standard

Data are normal
Variances are equal

Conduct a two-sample ¢ test.

Data are normal
Variances are not
equal

Sample sizes are
equal

Calculate the Satterthwaite
correction and conduct a two-
sample ttest.

Data are normal
Variances are not
equal

Sample sizes are not
equal

Calculate the Satterthwaite
correction, or transform the
data and test the variances, or
collect additional samples.
Conduct a two-sample ¢t test.

Conduct a one-sample
t test.

Data are not normal
Variances are equal

Conduct a Mann-Whitney test,
or transform the data. If the
transformed data are
approximately normal,
conduct a two-sample ¢ test.

Data are not normal
Variances are not
equal

Sample sizes are
equal

Transform the data; if the
transformed data are
approximately normal,
conduct a two-sample ¢ test,
using the Satterthwaite
correction as necessary.

Data are not normal
Variances are not
equal

Sample sizes are not
equal

Transform the data or collect
additional samples and
reassess normality and
variance equality. Conduct
the Mann-Whitney test, or the
two-sample ttest and
Satterthwaite correction, as
appropriate.

Transform the data; if
the transformed data
are approximately
normal, conduct a
one-sample ttest; or
conduct a one-sample
sign test.

12
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APPENDIX A
Statistical Formulas, Examples, and References
1. Determining sample adequacy
a. The Cochran formula (parameter estimation)

Sample adequacy must be demonstrated during all vegetation studies. When
estimating population parameters, numerical sample adequacy is attained when
sufficient observations are taken so that we have 90% confidence that the
sample mean lies within 10% of the true population mean. The minimum
number of samples required to estimate a parameter with this level of precision
is given by the Cochran formula

Nmin = (£s)?
(0.10x)2
where
t is the tabular ¢value for a preliminary sample with n-1 degrees
of freedom and a two-tailed significance level of a = 0.10
is the standard deviation of a preliminary sample
X is the sample mean of a preliminary sample

Note that the Cochran formula, when modified so that 2(zs)? is the numerator,
is frequently cited as the Wyoming DEQ formula. Doubling the minimum
sample size in this manner is appropriate when two populations are being
compared, but is not correct when inferences are only being made for one
population. Further, the tdistribution, not the z distribution, should be used
when nmin is calculated from a preliminary sample (i.e., from experimental data).
A two-tailed tvalue is used, since we wish to control both underestimates and
overestimates of the population mean.

Two examples illustrate some properties of the Cochran formula. In the first
case, a small preliminary production sample of n = 5 is collected, which yields 0
= 1618 and s = 710. From the two-tailed column of Appendix Table A-1, ¢
with 4 d.f. = 2.132. We calculate

Nmin = (2.132 x710)2 = 87.5 samples
(0.10 x 1618)2
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In the second case, a more ambitious preliminary sample of n = 15 is collected,
yielding 0 = 1524 and s = 267. The tabular ¢tvalue with 14 d.f. = 1.761, and
therefore

Nmin = (1.761 x 267)2 = 9.5 samples
(0.10 x 1524)2

Clearly, the Cochran formula is very sensitive to the preliminary variance
estimate, and if the preliminary sample size is small (i.e., if it doesn't include
very much information), the variance estimate and nmin may be excessively
large. On the other hand, if the preliminary sample is reasonably large, the
population is properly stratified, and good quality control is practiced, the
calculated minimum sample size should not be excessive. It should seldom be
necessary to collect more than 30 cover, production, or density samples from
any appropriately stratified population.

b. Sample sizes for comparison of means

The comparison of population means with 90% confidence is an inherent
property of each of the Phase Ill bond release testing procedures which are
approved in these guidelines. A conclusion that the performance standard has
been met will not occur unless 90% confidence is attained. The following table,
derived from the relationship

n=2(z2a+ z32s2/d2 (Snedecor and Cochran 1980, p. 104)

provides an easy means of approximating how many observations will be
needed to attain 90% confidence, in consideration of the differences in sample
means and the standard deviations found during reference area and/or
revegetation monitoring (a more accurate estimate may be obtained by
replacing the "generic" z-values with #values based on actual preliminary
sample sizes). We calculate a standardized difference d/s, where d is the
observed difference in the means from preliminary sampling, and s is the
standard deviation of the more variable sample. With the probability of both
Type | and Il errors (o and B, respectively) set at 0.10 for a one-sided test, the
number of observations to be collected from each population is

d/s _n d/s _n d/s _n d/s n
30 100 .55 30 .80 14 1.1 7
.35 74 .60 25 .85 12 1.2 6
.40 56 65 21 90 11 1.3 5
45 45 .70 18 .95 10 1.4 5
.50 36 75 16 1.00 9 1.5 4
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We can estimate the number of observations needed for a comparison of means
with the data from our first example above. Let's say that the data set with n =
5,0=1618,and s = 710 is from reclamation, and the data set withn =15, 0 =
1524, and s = 267 is from a reference area (this is, in fact, the actual case). We
multiply the reference mean by the 90% performance standard and obtain
1371.6. Therefore

d=1618-1371.6 = 246.4
s=710
and d/s = 0.347

Interpolating on the table values above, about 76 samples would be needed
from each area. If the standard deviation from the larger sample had been the
higher variance estimate, then d/s = .923, and 11 samples would be required
from each area.

Scrimping on preliminary samples doesn't appear to be a good idea. Base
sampling estimates on at least 10 or 15 preliminary observations, and even
more if the populations seem highly variable.

References:
Krebs, C. J. 1989. Ecological Methodology. Harper and Row, New York, NY. 654

pPp.
Snedecor, G.W., and Cochran, W.G. 1980. Statistical Methods, 7th ed. lowa State
University Press. 507 pp.

2. Levene's test for homogeneity of variances:

Levene's test uses the average of the absolute values of the deviations from the
mean within a class

3#Xij — Xi*x/n

as a measure of variability, rather than the mean square of the deviations.

Since the deviations are not squared, the sensitivity of the test to non-normality
in the form of long-tailed distributions is minimized. Such departures from
normality are very common in biological data.

Snedecor and Cochran (1980) provide the following example of how Levene's
test is applied. The original data (4 random samples drawn from a ¢
distribution, and_thus of known equal variance) are on the left and the absolute

deviations *x;j — X j* are on the right.
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Absolute Deviations

Data for Class from Class Mean
1 2 3 4 1 2 3 4
7.40 8.84 8.09 7.55 0.54 2.08 1.89 0.71
6.18 6.69 7.96 5.65 0.68 0.07 1.76 1.19
6.86 7.12 5.31 6.92 0.00 0.36 0.89 0.08
7.76 7.42 7.39 6.50 0.90 0.66 1.19 0.34
6.39 6.83 0.51 5.46 0.47 0.07 5.69 1.38
5.95 5.06 7.84 7.40 0.91 1.70 1.64 0.56
7.48 5.35 6.28 8.37 0.62 1.40 0.08 1.53
Total 48.02 47.31 43.38 47.85 4.12 6.34 13.14 5.79
Mean 6.86 6.76 6.20 6.84 0.589 0.906 1.877 0.827

An analysis of variance was performed on the mean deviations in the table on
the right, using the class means 0.589, 0.906, 1.877, and 0.827 as the
estimates of variability within each class. The table below provides the ANOVA.

Source df Sum of Squares Mean Squares F
Between classes 3 6.773 2.258 2.11
Within classes 24 25.674 1.070

The Fvalue 2.11 indicates a non-significant 2> 0.10 with 3 and 24 degrees of
freedom, despite the apparent outlier value of 0.51 in the data for class 3.
Snedecor and Cochran note that Bartlett's test, which uses the mean square of
the deviations (i.e., the sample variance) as the estimate of variability, and is
perhaps the most frequently encountered test of variance homogeneity,
erroneously rejects the hypothesis of equal population variances for these data.

In our revegetation vs. reference area setting, a ttest of 2 independent samples
(Procedure #4 below) may be conducted rather than an ANOVA. The 2-tailed
probabilities of Appendix Table A-1 may be used to determine whether the
hypothesis of equal variability should be rejected. Note that the decision rules
of the 2-sample ¢ test must be reversed when conducting Levene's test, since
in this case we are not reversing the classical null hypothesis of equal means.

Reference:
Snedecor, G.W., and Cochran, W.G. 1980. Statistical Methods, 7th ed. lowa State
University Press. 507 pp.

3. The one-sample, one-sided ¢ test:
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This test is appropriate for comparing a normally-distributed parameter to a
technical standard (Neter, et al. 1985). The test statistic is

% - 08 (technical standard)

t?f

=

oo

where
t* is the calculated #-statistic
X is the sample mean
S is the standard deviation of the sample
n is the sample size

The a-level of the test is set at 0.10 by regulation, and the decision rules are

If £*< t(1 -a;n-1), conclude failure to meet the performance
standard
If > t(1 -a; n-1), conclude that the performance standard was met

The following example illustrates application of the test. Revegetation cover

sampling provides the following statistics: x = 68.2,s = 17.4, n = 30.
Assume a technical standard of 70% total live cover is approved.

Be.2 - 0870
i = 174 = 164 and the one-tail { {90,28) = 1.31 from Appendix Tahle A-1
4 30

Therefore, we conclude that the performance standard was met.
Reference:

Neter, J., Wasserman, W., and Kutner, M. H. 1985. Applied Linear Statistical
Models, 2nd ed. Irwin Press, Homewood, IL 60430. 1127 pp.
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4. The one-sided ttest for two independent samples:

This test is appropriate for comparing samples from two independent,
normally-distributed populations (Neter, et al. 1985). The test statistic is

%, - 080 %,

= 55+ 554 1 N 0.81
Mg+ fg- 2 4 Mg

where

r* is the calculated #-statistic

X1 is the reclamation sample mean

X is the reference area sample mean

SSq is the reclamation sum of squared deviations from the mean {, (x1; -
01)2}

SS> is the reference area sum of squared deviations from the mean {o, (x2;
- 02)2}

n; is the reclamation sample size

nz is the reference area sample size

The o-level of the test is 0.10, and the decision rules are

t* < t(1 - a; n2 - 2), conclude failure to meet the performance standard
t*> t(1 - a; n2 - 2), conclude that the performance standard was met

For example, let's assume reclamation and reference area sampling has
provided the following total live cover data:

For reclamation: 50, 42, 46, 48, 63, 46, 48, 42, 50, 42, 54, 52, 35, 45, 52
For the reference area: 49, 51, 53, 47, 55, 54, 44, 47, 50, 47, 52, 40, 56, 25, 33

The summary table is
Reclamation n =15 X1 =47.6 SS

Reference Area n =15 X, =46.9 SS»

593.4
1021.7

and
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476 - 0.90(46.8)

i =
\/(M) (1— + ﬂ) = 2.373 and the one-tailed (0.90:28) = 1.313 (Appendix Table A-1)

15 + 15 -2 15 15

Therefore, we conclude that the performance standard was met.

Reference:
Neter, J., Wasserman, W., and Kutner, M. H. 1985. Applied Linear Statistical
Models, 2nd ed. Irwin Press, Homewood, IL 60430. 1127 pp.

5. The one-sample, one-sided sign test:

The sign test is appropriate for comparing a sample with observations which
are not normal (i.e., not symmetrical about the mean) to a technical standard
(Daniel 1990). Observations must be randomly selected and independent. An
early criticism of these guidelines questioned the use of the sign test, rather
than the Wilcoxon signed-rank test, when comparing a nonnormal population
to a technical standard. The signed-rank is generally the more powerful test,
however it carries the assumption that the population being sampled is
symmetrical, i.e., that the median is equal to the mean. If the assumption of
symmetry is met (or can be met by transforming the data), the Department
recommends that the even more powerful one-sample ¢test be used. If the
data are not symmetrically distributed, but an obvious majority of the sample
values are greater than the performance standard, then the sign test is
recommended.

The technical standard is multiplied by the 0.90 performance standard and the
result is subtracted from each observation, recording the sign of the difference.
Any observations which are equal to 90% of the technical standard, and thus
yield no difference, are dropped from the analysis. The test statistic kK is the
number of "minus"” signs. K designates a random variable drawn from a
binomial distribution, which is the appropriate model for sampling when only 2
outcomes are possible, such as coin tosses, or in this case, plus or minus signs.
Since a = 0.10 by regulation, the decision rules are

If P(K < k, given sample size n from a binomial population expected to
yield minus signs 50% of the time if Ho is true) > 0.10, conclude failure to
meet the performance standard.

If P(K < k, given sample size n from a binomial population expected to
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yield minus signs 50% of the time if Ho is true) < 0.10, conclude that the
performance standard was met.

Assume that reclamation sampling has provided the following 26 tree-density
observations, which will be compared to a technical standard of 40 trees/acre

30 24 90 0 56 45 39 15 22 45 10 32 30
38 18036 0 45 15 70 45 67 55 90 78 57

Multiplying the technical standard by the 90% performance standard yields 36.
Subtracting 36 from each observation results in the following signs

- -+ - + + + - - + - - -
+ 4+ (tiedropped) - + - + 4+ + + + 4+ +

and thus & = 10 minus signs, and n = 25.

From Appendix Table A-2 we determine that P(K < 10, given a sample size of
25 and a 50% chance for minus signs if Ho is true) = 0.2122. Therefore, we
conclude failure to meet the performance standard. In this example, 8 or fewer
minus signs would result in a conclusion that the performance standard had
been achieved.

Daniel (1990) provides a large-sample, normal approximation to the binomial

(Mo, of minus signs + 0.8 - 0.8n

05 n

7 o=

for sample sizes of 12 or larger.
For the tree-density example given above, the large-sample normal
approximation would be applied as follows
(10+05)-0525)
Z= 0%,/ 25

Appendix Table A-3 indicates that the probability of observing a value of z this
small is 0.2119, and as above, we conclude failure to meet the performance
standard. Note that we are determining the probability of observing fewer
than the expected value of 50% minus signs. If the number of minus signs
exceeds 50% of the total number of observations, there is no need to conduct
the sign test--the performance standard has not been met.
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Reference:
Daniel, W.W. 1990. Applied Nonparametric Statistics, 2nd ed. PWS-KENT,
Boston. 635 pp.

6. The one-sided Mann-Whitney test for two independent samples:

The Mann-Whitney test is appropriate for testing whether two populations have
the same median values for a parameter. The populations need not follow a
normal distribution, although it is assumed that the two populations have the
same distribution; that is, the population variances are assumed to be equal.
The Mann-Whitney test is especially apt in cases where two long-tailed sample
distributions are being compared, because comparisons of observation ranks,
rather than actual values, are made.

The first consideration in the bond release scenario is how to incorporate the
90% performance standard into the test. We wish to detect a shift in the
hypothesized population median, rather than a multiplicative effect. A
transformation of both reclaimed and reference data must be made prior to
assigning ranks. Since ranks are invariant to logarithmic transformations, the
log transformation is an appropriate choice. For the reference area data, the
transformation is

Xlreference = |Dgfxreference +11+ |DQ (I]_EI)

Remember that log (xy) = log (x) + log (y). The 1 is added to the observation
values in case some observations are equal to zero, since log (0) is undefined.
The reclamation data is transformed as shown

Klreclamaﬁun: |Dgfxreclamaﬂnn +1]

We then combine all of the log-transformed values from both samples and rank
them from the smallest (which is given a rank of 1) to the largest. Tied
observations are assigned the average of the ranks they would have received if
there were no ties. We then sum the ranks of the transformed observations
from the reference area population (Sreference). The test statistic 7 is calculated
as follows

T={ Sreference ) - ( Pyl My + 1 ])
2
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where n; is the number of observations in the reference area sample.
The decision rules, with o set at 0.10, are

If 7> wo.10, conclude failure to meet the performance standard
If 7< wo.10, conclude that the performance standard was met

where mo.10 is the critical value of 7observed in Appendix Table A-4 given n;
and n; (the number of observations in the reclamation sample).

An example of the use of the Mann-Whitney test follows. Let's assume we have
collected 20 shrub-density observations from both a reference area and a
reclaimed area, as indicated below

Reference Area Reference Area
Observation log (Observation+1) + log Rank Observation log (Observation+1) + log Rank
0.9) 0.9)

0 0 1.5
0 0 1.5

3 0.5563 3

10 0.9956 4

17 1.2095 5

22 1.3160 6.5

22 1.3160 6.5

23 1.3345 8

27 1.4014 9
25 1.4150 10
29 1.4771 11

33 1.4857 12

35 1.5105 13.5

35 1.5105 13.5

36 1.5224 15

37 1.5340 16.5

37 1.5340 16.5
35 1.5563 18.5
35 1.5563 18.5
38 1.5911 20
40 1.6128 21

45 1.6170 23

45 1.6170 23

45 1.6170 23
42 1.6335 25
44 1.6532 26.5

49 1.6532 26.5
45 1.6628 28
48 1.6902 29

55 1.7024 30
50 1.7076 31
51 1.7160 32
58 1.7709 33
60 1.7853 34
65 1.8195 35
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75 1.8808 36
78 1.8976 37
132 2.1239 38
192 2.2398 39
415 2.5733 40
Therefore 333.5 = Sreference, and
7 = (333.5) - 2020 + 1) = 123.5

2

Since the calculated 7 value is less than the critical value of 152 (wo.10 with ny =
20, nz = 20) from Appendix Table A-4, we conclude that the performance
standard was met.

Daniel (1990) presents a large-sample normal approximation when either n; or
nz are more than 20

T-n,n {2
NG (NN + 1)/12

Inserting the calculated 7 value and sample sizes from the shrub-density
example, we have

123.5 - (20 x 20/2)
20 % 20(20+ 20+ 13 12

= =-207

Appendix Table A-3 indicates that the probability of observing a value of z this
small is 0.0192, and as above, we conclude that the performance standard was
met.

Woody-taxa density is a difficult vegetation attribute to estimate, but the Mann-
Whitney test appears to be a very promising technique. Therefore another
example is provided, using actual reference area and baseline shrub-density
observations from an upland grassland physiognomic type (the baseline data, for
the purpose of this example, are considered to be from reclamation). If the
summary statistics for the following data are used to estimate the sample size for
a comparison of means, the ratio d/s = 0.24, and the estimated minimum
sample size is well over 100 observations from each population. This seems
excessive. Both populations are positively skewed and there are a large number
of zero values, which seems reasonable for shrub densities in a composite of
upland grassland communities. The Mann-Whitney test is indicated.
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Reference Area Reclamation
Observation log (Observation + 1) + log (0.9) Rank Observation log (Observation + 1)
Rank
0 -0.046 5
0 -0.046 5
0 -0.046 5
0 -0.046 5
0 -0.046 5
0 -0.046 5
0 -0.046 5
0 -0.046 5
0 -0.046 5
0 0 14.5
0 0 14.5
0 0 14.5
0 0 14.5
0 0 14.5
0 0 14.5
0 0 14.5
0 0 14.5
0 0 14.5
0 0 14.5
167 2.180 20
167 2.225 21.5
167 2.225 21.5
333 2.478 23
334 2.479 24.5
334 2.479 24.5
333 2.524 26.5
333 2.524 26.5
334 2.525 29.5
334 2.525 29.5
500 2.654
500 2.654
500 2.700 33.5
500 2.700 33.5
666 2.778 35.5
666 2.778 35.5
667 2.779 37
667 2.825 38
833 2.875 39
834 2.922 40
1000 2.955 41.5
1000 2.955 41.5
1167 3.022 43
1333 3.079 44
1334 3.080 45.5
1334 3.080 45.5
1499 3.130 47
1500 3.131 48.5
1500 3.131 48.5
1667 3.222 50
2000 3.255 51
2000 3.301 52
2334 3.368 53
3167 3.501 54
3334 3.523 55
Reference Area Reclamation
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Observation log (Observation + 1) + log (0.9) Rank Observation log (Observation + 1)
Rank
3833 3.538 56
3667 3.564 57
4000 3.602 58.5
4000 3.602 58.5
4333 3.637 60
4500 3.653 61
5000 3.699 62
7334 3.820 63.5
7334 3.820 63.5
8500 3.884 65
8834 3.946 66
10500 4.021 67
20166 4.305 68

Therefore, Sreference = 1051

T=(1051)- _34(34+1) =456, and z = 456 - (34 x34 /7 = 150
2 V34534 (34 + 34 +1) 112

From Appendix Table A-3, the probability of randomly observing a zvalue of -
1.50 is 0.0668, and we conclude that the performance standard was met.

Note that in the second example above, all of the tied observation ranks
occurred within either one population or the other, so averaging the ranks
wasn't really necessary, except to demonstrate the procedure.

Reference:
Daniel, W.W. 1990. Applied Nonparametric Statistics, 2nd ed. PWS-KENT
PublishingCo., Boston, MA. 635 pp.

7. The Satterthwaite correction:

The presence of unequal sample variances in two populations which are going
to be compared results in a ¢ statistic which does not follow Student's ¢
distribution. The Satterthwaite correction assigns an appropriate number of
degrees of freedom to the calculated ¢so that the ordinary ¢ table (Appendix
Table A-1) may be used. The corrected degrees of freedom are given by

v'o= (E'l— + iEE ) E
ﬂ.l Na
E’l_z 2 i g 2 2
My g
My-1 M1

where s12 and s22 are the sample variances for the 2 populations, and n; and n;
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are the respective sample sizes. An example from Snedecor and Cochran
(1980) follows. Four observations from one population are going to be
compared to 8 observations from a second population. The summary statistics
are

n1 = 4, with 3 degrees of freedom n; = 8, with 7 degrees of freedom
X1 =25 X2 =21

s12 = 0.67 $22=17.71

s12/n1 =0.17 $22/np = 2.21

Without taking the Satterthwaite correction into account, the degrees of
freedom for the ¢ statistic would be calculated as n1 + n, - 2 = 10. Correcting
for unequal variances yields

= 7489

2
(D_B? ¢ 17 )
v'os 4
0.5

() )

4-1 a-1

Therefore, the tvalue from Appendix Table A-1 which is associated with 8
degrees of freedom (1.397 for a one-sided test) is the proper comparative
statistic to use when designating the decision rules.

Reference:
Snedecor, G.W., and Cochran, W.G. 1980. Statistical Methods, 7th ed. lowa State
University Press. 507 pp.

8. Data transformation:

Data transformations are applied to change the scale of measurements in order
to better approximate the normal distribution. However, if the Department's
recommendations are followed to (1) take a minimum of 30 observations from
each population of interest to invoke the central limit theorem, and (2) always
take the same number of observations from each population being compared to
decrease sensitivity to heterogeneous variances, the need for data
transformation should be minimized.

Three basic rules applicable to the use of all transformations are given by Krebs
(1989):
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1. Never convert variances, standard deviations, or standard errors back
to the original measurement scale. These statistics have no meaning on
the original scale of measurement.

2. Means and confidence limits may be converted back to the original
scale by applying the inverse transformation.

3. Never compare means calculated from untransformed data with means
calculated from any transformation, reconverted back to the original scale
of measurement. They are not comparable means. All statistical
comparisons between different groups must be done using one common
transformation for all groups.

The arcsine transformation is used to approximate the normal distribution for
percentages (such as percent cover) and proportions which naturally form
binomial distributions when there are two possible outcomes, or multinomial
distributions when there are three or more potential outcomes. As previously
mentioned, if percentages range from about 30 to 70%, as is typical with
Montana vegetation cover data, there is no need for transformation. If many
values are nearer to 0 or 100%, however, the arcsine transformation should be
used. Note that arcsine = sin-!. The observation from the original data is
replaced by the transformed observation (X'). The arcsine transformation
recommended by Krebs (1989) is

A =arcsiney g

where pis the observed proportion.

To convert arcsine-transformed means back to the original scale of percentages
or proportions the procedure is reversed.

"o = (sin¥)?

The square-root transformation is commonly applied when sample variances
are proportional to the sample means.

=+ 05

This transformation is preferable to the straight square-root transformation
when the original data include small numbers and some zero values. The mean
may be converted back to the original scale by reversing the transformation.
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X = (¥ - 05

The logarithmic transformation is used when percent changes or multiplicative
effects (such as multiplying observations by a 90% performance standard, as
previously discussed) occur. This transformation will convert a positively-
skewed frequency distribution into a more nearly symmetrical distribution.

¥ = log (X + 1)

Either natural (base e) or base 10 logs may be used. Conversion of the mean
back to the original scale is accomplished by

¥ = [antilog (X1] - 1 = 10° - 1

Reference:

Krebs, C. J. 1989. Ecological Methodology. Harper and Row, New York, NY. 654
pp.
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Table A-1: Percentiles of the tdistribution for a = 0.10 (one-tailed and two-
tailed)

Degrees of freedom One-tailed Two-tailed
(n-1) tvalue tvalue
1 3.078 6.314
2 1.886 2.920
3 1.638 2.353
4 1.533 2.132
5 1.476 2.015
6 1.440 1.943
7 1.415 1.895
8 1.397 1.860
9 1.383 1.833
10 1.372 1.812
11 1.363 1.796
12 1.356 1.782
13 1.350 1.771
14 1.345 1.761
15 1.341 1.753
16 1.337 1.746
17 1.333 1.740
18 1.330 1.734
19 1.328 1.729
20 1.325 1.725
21 1.323 1.721
22 1.321 1.717
23 1.319 1.714
24 1.318 1.711
25 1.316 1.708
26 1.315 1.706
27 1.314 1.703
28 1.313 1.701
29 1.311 1.699
30 1.310 1.697
40 1.303 1.684
60 1.296 1.671
120 1.289 1.658
°° 1.282 1.645

Adapted from Neter, J., Wasserman, W., and Kutner, M. H. 1985. Applied Linear
Statistical Models, 2nd ed.
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Table A-2: The binomial probability distribution for a population expected to
yield minus signs 50% of the time when Ho is true

The tabulated probabilities are additive. For example, if we want to determine
the probability that K < 4 when n = 11, we add the probabilities for each r
value from 0 to 4 in the n = 11 column to obtain the sum of 0.2745.

n = 1 2 3 4 5 6 7 8 9 10 11

r=20 .5000 .2500 .1250 .0625 .0312 .0156 .0078 .0039 .0020 .0010 .0005
1 .5000 .5000 .3750 .2500 1562 .0938 .0547 .0312 .0176 .0098 .0054
2 .2500 .3750 .3750 3125 .2344 .1641 .1094 .0703 .0439 .0269
3 .1250 .2500 3125 3125 .2734 .2188 .1641 172 .0806
4 .0625 1562 .2344 2734 2734 .2461 .2051 1611
5 .0312 .0938 .1641 .2188 .2461 .2461 .2256
6 .0156 .0547 .1094 .1641 .2051 .2256
7 .0078 .0312 .0703 172 1611
8 .0039 .0176 .0439 .0806
9 .0020 .0098 .0269
10 .0010 .0054
11 .0005

Table A-2 continues on page A19
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Table A-2: The binomial probability distribution--continued
n = 12 13 14 15 16 17 18 19 20 25
r = .0002 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000
1 .0029 .0016 .0009 .0005 .0002 .0001 .0001 .0000 .0000 .0000
2 .0161 .0095 .0056 .0032 .0018 .0010 .0006 .0003 .0002 .0000
3 0537 | .0349 | .0222 | .0139 | .0085 | .0052 | .0031 | .0018 | .0011 | .0001
4 .1208 .0873 .0611 .0417 .0278 .0182 .0117 .0074 .0046 .0004
5 .1934 1571 1222 .0916 .0667 .0472 .0327 .0222 .0148 .0016
6 .2256 .2095 .1833 1527 1222 .0944 .0708 .0518 .0370 .0053
7 .1934 .2095 .2095 .1964 1746 .1484 1214 .0961 .0739 .0143
8 .1208 1571 .1833 .1964 .1964 .1855 .1669 1442 .1201 .0322
9 .0537 .0873 1222 1527 1746 .1855 .1855 1762 .1602 .0609
10 .0161 .0349 0611 .0916 1222 .1484 .1669 1442 1762 .0974
11 .0029 .0095 .0222 .0417 .0667 .0944 1214 .0961 .1602 .1328
12 .0002 .0016 .0056 .0139 .0278 .0472 .0708 .0518 .1201 .1550
13 .0001 .0009 .0032 .0085 .0182 .0327 .0222 .0739 .1550
14 .0001 .0005 .0018 .0052 .0117 .0074 .0370 .1328
15 0002 | .0010 | .0031 | .0018 | .0148 | .0974
16 .0001 .0006 .0003 .0046 .0609
17 .0001 .0011 .0322
18 .0002 .0143
19 .0053
20 .0016
21 .0004
22 .0001

Adapted from Daniel, W.W. 1990. Applied Nonparametric Statistics, 2nd ed.
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Table A-3: Standard one-tailed normal curve areas

Table entries give the area under the normal curve from 0 to z. Subtract the
table entry from 0.5 to obtain the tail area of the curve, which is the probability
of randomly observing a value of zwhich is equal to, or more extreme than, the
calculated zvalue. If calculated values have negative signs, disregard the sign
when using this table. For example, the table entry for z= -1.96 is 0.4750,
and the probability of randomly observing that zvalue is 0.0250.

.00 .01 .02 .03 .04 .05 .06 .07 .08 .09

N

.0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359
.0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
.0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141
179 .1217 .1255.1293 .1331 .1368 .1406 .1443 .1480 .1517
.1554 .1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879
1915 .1950 .1985 .2019 .2054 .2088 .2133 .2157 .2190 .2224
2257 .2291 .2324 .2357 .2389 .2422 .2454 .2486 .2517 .2549
.2580 .2611 .2642 .2673 .2704 .2734 .2764 .2794 .2823 .2852
.2881 .2910 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133
.3159.3186 .3212 .3238 .3264 .3289 .3315 .3340 .3365 .3389
.3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621
.3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830
.3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015
4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177
4192 .4207 .4222 .4236 .4251 .4265 .4279 .4292 .4306 .4319
4332 .4345 .4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441
4452 .4463 .4474 .4484 .4495 .4505 .4515 .4525 .4535 .4545
4554 .4564 .4573 .4582 .4591 .4599 .4608 .4616 .4625 .4633
4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706
4713 14719 .4726 .4732 .4738 .4744 .4750 .4756 .4761 .4767
4772 4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 .4817
4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857
4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890
4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 .4916
4918 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 .4936
4938 .4940 .4941 .4943 .4945 .4946 .4948 .4949 .4951 .4952
4953 .4955 .4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964
4965 .4966 .4967 .4968 .4969 .4970 .4971 .4972 .4973 .4974
4974 4975 .4976 .4977 .4977 .4978 .4979 .4979 .4980 .4981
4981 .4982 .4982 .4983 .4984 .4984 .4985 .4985 .4986 .4986
4987 .4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990

WNNNNMNNNNNNN=— = - -t —= =000 000000O0

SCLmNOUAWN=—ODLONOTUAWN—=DOLONOOUBMWN=O

Adapted from Snedecor, G.W., and Cochran, W.G. 1980. Statistical Methods, 7th
ed.
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Table A-4: Values of wo.10 for the Mann-Whitney test statistic

2009

n n2= 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2 1 1 2 2 2 3 3 4 4 5 5 5 6 6 7 7 8 8
3 2 2 3 4 5 6 6 7 8 9 10 11 11 12 13 14 15 16
4 2 4 5 6 7 g§ 10 11 12 13 14 16 17 18 19 21 22 23
5 3 5 6 8 9 11 13 14 16 18 19 21 23 24 26 28 29 31
6 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 35 37 39
7 5 7 9 12 14 17 19 22 24 27 29 32 34 37 39 42 44 47
8 6 8 11 14 17 20 23 25 28 31 34 37 40 43 46 49 52 55
9 6 10 13 16 19 23 26 29 32 36 39 42 46 49 53 56 59 63
10 7 11 14 18 22 25 29 33 37 40 44 48 52 55 59 63 67 71
11 8 12 16 20 24 28 32 37 41 45 49 53 58 62 66 70 74 79
12 9 13 18 22 27 31 36 40 45 50 54 59 64 68 73 78 82 87
13 10 14 19 24 29 34 39 44 49 54 59 64 69 75 80 85 90 95
14 11 16 21 26 32 37 42 48 53 59 64 70 75 81 86 92 98 103
15 11 17 23 28 34 40 46 52 58 64 69 75 81 87 93 99 105 111
16 12 18 24 30 37 43 49 55 62 68 75 81 87 94 100 107 113 120
17 13 19 26 32 39 46 53 59 66 73 80 86 93 100 107 114 121 128
18 14 21 28 35 42 49 56 63 70 78 85 92 99 107 114 121 129 136
19 15 22 29 37 44 52 59 67 74 82 90 98 105 113 121 129 136 144
20 16 23 31 39 47 55 63 71 79 87 95 103 111 120 128 136 144 152

Adapted from Daniel, W.W. 1990. Applied Nonparametric Statistics, 2nd ed.
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APPENDIX B

Vegetation and Land Use Rules

Table B-1. A listing of administrative rules addressing vegetation and land use

requirements.

Definitions
17.24.301(6)
17.24.301(8)
17.24.301(9)
17.24.301(10)
17.24.301(11)
17.24.301(16)
17.24.301(19)
17.24.301(28)
17.24.301(32)
17.24.301(39)
17.24.301(41)
17.24.301(43)
17.24.301(44)
17.24.301(46)
17.24.301(50)
17.24.301(53)
17.24.301(62)
17.24.301(64)
17.24.301(65)
17.24.301(72)
17.24.301(75)
17.24.301(90)
17.24.301(93)
17.24.301(99)
17.24.301(101)
17.24.301(103)
17.24.301(105)
17.24.301(107)
17.24.301(109)

Adjacent area

Agricultural activities or farming
Agricultural use

Alluvial valley floor

Alternative post-mining land use
Arid and semiarid area

Best technology currently available
Cover

Disturbed area

Essential hydrologic functions
Farm

Flood irrigation

Fragile lands

Good ecological integrity

Higher or better use

Historically used for cropland
Irreparable damage to the environment
Land use

Major Revision

Mulch

Noxious plants

Prime farmland

Productivity

Rangeland

Reclamation

Reference area

Renewable resource lands

Road

Sediment

Bl
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Table B-1. - continued

ARM Subject
17.24.301(111) Significant, imminent environmental harm
17.24.301(112) Soil
17.24.301(115) Spoil
17.24.301(116) Stabilize
17.24.301(117) Subirrigation
17.24.301(120) Substantially disturb
17.24.301(133) Undeveloped rangeland
17.24.301(135) Upland area
Application Requirements
17.24.302 Format and supplemental information
17.24.304 Baseline information
17.24.305 Maps
17.24.306 Prime farmland investigation
17.24.308(f) Noxious weed control plan
17.24.312 Fish and wildlife plan (T&E spp.)
17.24.313 Reclamation plan
17.24.314 Protection of hydrologic balance
17.24.324 Prime farmlands: special application

requirements

17.24.325 Alluvial valley floors: special application

requirements

Permit Procedures

17.24.404 Adequacy of fish and wildlife plan
17.24.415 Permit revisions

17.24.416 Permit renewal

17.24.417 Permit amendment

Backfilling and Grading Requirements

17.24.503 Small depressions
17.24.504 Permanent impoundments
17.24.515 Highwall reduction
17.24.518 Buffer zones

17.24.520 Disposal of excess spoil
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Table B-1. - continued

Transportation Facilities

17.24.601 General requirements for roads and railroad
loop construction

17.24.602 Location of roads and railroad loops

17.24.605 Hydrologic impact of roads and railroad loops

17.24.608 Impacts of other transport facilities

17.24.609 Other support facilities

17.24.610 Permanent roads

Hydrology

17.24.631 General hydrology requirements

17.24.633 Water quality performance standards

17.24.634 Reclamation of drainage basins

17.24.636 Special requirements for temporary diversions

17.24.638 Sediment control measures

17.24.644 Protection of groundwater recharge

17.24.650 Post-mining rehabilitation of sediment ponds

17.24.651 Stream channel disturbances and buffer zones

Revegetation and Protection of Wildlife

17.24.702 Redistribution and stockpiling of soil

17.24.703 Substitution of other materials for soil

17.24.711 Establishment of vegetation

17.24.713 Timing of seeding and planting

17.24.714 Soil stabilizing practices

17.24.716 Method of revegetation

17.24.717 Planting of trees and shrubs

17.24.718 Soil amendments, management techniques,
and land use practices

17.24.721 Eradication of rills and gullies

17.24.723 Monitoring

17.24.724 Use of revegetation comparison standards

17.24.725 Period of responsibility

17.24.726 Vegetation production, cover, diversity,
density, and utility requirements

17.24.731 Analysis for toxicity

17.24.751 Protection and enhancement of fish and
wildlife

17.24.761 Air resources protection

17.24.762 Post-mining land use
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Table B-1. - continued

Alluvial Valley Floors
17.24.801

17.24.802

17.24.804
17.24.805
17.24.806

Prime Farmlands
17.24.811
17.24.815

Alternate Post-mining Land Use
17.24.821
17.24.823

Prospecting
17.24.1008

Bonding
17.24.1116

Designation of Lands Unsuitable
17.24.1141

2009

Preservation of hydrologic functions and
protection of farming

Protection of farming and prevention of
material damage

Monitoring

Significance determination

Material damage determination

Soil handling
Revegetation

Submission of plan
Approval of plan and review of operation

Revegetation

Criteria and schedule for release of bond

Definition
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APPENDIX C

Montana Range Plants
by

Carl Wambali®

Purpose

Regardless of backgrounds, people working with range
plants are often perplexed at the lack of consistency among
the many reference materials available on nomenclature
and other pertinent plant characteristics. Thus the purpose
of this painstaking compilation is an attempt to cite the cur-
rently most acceptable nomenclature and information re-
lating to plant longevity, origin. season of growth and graz-
ing response to cattle.

Undoubtedly many readers will find points of disagree-
ment with their current understandings. However, if we
expect to communicate effectively with one another. then
standardization such as offered in this work will be neces-
sary. Certainly, some points are subject to change as our
knowledge increases through research and experience.
Also, it is possible that errors do exist in this work and if dis-
covered the author would appreciate learning of them so
that corrections can be made in subsequent printings.

A great many thank-yous are in order for those indi-
viduals who spent hours reviewing the materials. Whileit is
probably unwise to name individuals for fear of neglecting
some, the range staff of the Soil Conservation Service.
USDA. located in Montana, and the Range Science staff at
Montana State University deserve special mention.

How To Use This Publication

Each plant is listed twice, once alphabetically by scien-
tific name, and again alphabetically by common name. The
reader should choose the listing he finds easiest 1o use.

Plants are subdivided by vegetative class. including: 1)
grass; 2) grasslike plants; 3) forbs. ferns and mosses; 4)
cactus; and, 3) half-shrubs, shrubs, trees and vines.

* Vasocrate Prolessor. Depr. of Amimal & Ranee Sence anil foemer Exten-

st Serviee Specialiag

C1
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The four capital letters following each plant name pro-
vide the following information:

Il

First column — Longevity
P = perennial

B = biennial

A =annual

Second column — Origin
N = native (to North America)
I =introduced (1o North America)

Third column — Season of Growth

C = cool season (flowers during spring or early
summer)

W = warm season (flowers during late summer
or [all)

X =inappropriate

Fourth column —

Crazing Response to Cattle Use®
D =decreaser

I =increaser

V =invader

X = inappropriate

“It1aimportant to realize that grazing responses of individual plants often
change greatly with use by different classes of animals.

Alkale bluegrass
Alkaly cordgrass
Alkali muhly

Alkali savaton

Apine bluegrass
Alpine foxtal

Alpine nmothy
Amerivan mannagrass
American sloughgrass
Annual bluegrass
Barnvardgrass

Basin wildrve
Bearded wheatgrass
Beardless wheatgrass

Bix blurgrass

Big bluesiem
Bluebunch wheatgrass
Blue grama
Bluejoint reedgrass
Blue wildrve
Battlebrush squirreltail
Brookgrass
BulTalograss
Bulbous bluegrass
Galifornia brome
(lifornia danthonia
Canada bluegrass
(anada wildrve
Canarvgrass

Canby bluegrass
Chealgrass

Chess hrome
Columbia needlegrass
Common reedgrass
Crested wheatgrass
Cusick bluegrass
Drooping woodreed
False bulTalograss
Fendler threcawn
Foul bluegrass
Fostail barley
Fringed brome
Creen bristlegrass
Green needlegrass
Hairy brome

Hard sheep lescue

Lilaho fescue
ldaho rediop

C2

Grasses

(Common Name)

“fyy
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chandnonddanondnannnennnn
- - A N - N - N . N |

NCI*
NCD

. ”I",..
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Paa juacifolin
Spartina geacilis
Wuhlenbergia asperifolin
Sprarnbalus traiden
Pt alpina
Hoperurus alpunus
Phieum alpraum
(lverna grandis
Beckmanma svzigachae
Poa annua
Echinochloa crusgalli
Elvmus cinereus
dgropyron subsecundum
dgropyran sprcatum var.
inerme

Poa ampia

Andrapagon gerardii
dgropyron wicatum
Boutelova gracilis
Calnmagrasis canadensis
Elvmus glauens
Sitanion hvstrix
Catabrosa aquatica
Buchioe dactviodes
Poa hulbosa
Bromus raninatus
Daathonra califarnica
Poa compressa

Elvmus canadenss
Phalaris canariensis
Poa ranbyi
Bromus tectorum
Bramus secalinus
Stipa columbiana
Phragmites communis
dgropyeon cristatum
Pan cusicku

Cinna fatifolia

Wunrna quarrasa
drstida feadleriana
Poa palusins

Hoedeum jubatum
Bromus rliatus
Setarin nadis
Supa vrriduln

Bromus commutatus
F"(llfﬂ arina rar,
duersculn

Festura ulithoras
Lugrrstes volahewn s
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Liabsan eieegrass
Terlamad <altgraae
Intermediate wheatgrass
Tialian roegeass
Japaniese hrome
Jovoel goatgeass
Kenturky bluegrass
Letterman needlegrass
Lattle bluestem

Little barley

Mavoun wildrye
Marsh muhly

Mat muhly

Meadow barley
Mesdow faseue

Meadow [axtail
Mountain brome

Mountain hairgrass
Mountain muhly
Muttongrass
Needleandthread
Nevada bluegrass
Nodding brome
Mutrall alkaligrass

Onespike danthonia
ﬂninngas
Dechardgrass
Parry danthonia
Perennial ryegrass
Persian ryegrass
Pine bluegrass
Pincgrass

Plains bluegrass
Plains muhly
Plains reedgrass
Parcupinegrass
Poverty danthonia
Prairie cordgrass
Prairie junegrass
Prairie sandreed
Pubescent whealgrass
Purple oniongrass
Purple reedgrass
Quackgrass
Rabbitfootgrass
Rattlesnake brome
Red lescue

Red threeawn
Redtap

Reed ranarvgrass
Richardson nerdlograss -
Rough fescue
Russian wildrye
Sandberg blurgrass
Sand bluestem
Sandbur
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nnﬂﬂnﬁﬂnnnnﬁnﬂ:

7

Ll L2
AN dn Aan
Oo=-=pDoE o=

(=Rl - RN - [T R -

L LA LLLLLLLLL g =42
Anmndndrnnndarmacannnn
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ddnnaNOndrnema

[ R ——
Destechlis steveta
Turapvenn snsvemedivom
Latrusen maaleetloerm
Heamees papuinecs
legilougn vy limddrien
Pust pruten s
Stepr lettermuni
Sehizachveium seaparinm
Hardewm puallum
Elvmus macounii
Wuhlenbergia racemasa
Wuhienbergia richardsonis
Haorideum brachvantherum
Festuen elatior
(F. pratensis)
Alopecurus pratensis
Bromus marginatus
(B. caninatus)
Derchumpsia atropurpurca
Muhlenbergia montana
Poa fendleriana
Stipa comata
Poa aevadensis
Bromuy anomalus
Pugcinellia nuttalliana
(P. airoides}
Danthonia unispicata
Melica hutbosa
Dactylis glomerata
Danthonia parryi
Lolium perenne
Lolium persicum
Poa scaberlla
Calamagrostis rubescens
Poa arida
Muhlenbergia euspidata
Calnmagrostis montanenss
Supa spartea
Danthonia spicata
Sparting pectinata
Koeleria cnstata
Calamorilfa longifolia
Agropvron trichophorum
Melica spectabilis
Calamagrostis purpurascens
Agropyron repens
Polvpagon monspeliensis
Bromus hrizaeformis
Festuea rubra
Anstida longiseta
Agrosus alba
Phalans aruadinacea
Stipa nehardsonii
Festuca scabrella
Elvmus junceus
Pou sandbergii
ladrapugnn hallii
flenchens le..(r.winun

Saenl drnpren BNW I Spacsadis e it
Svribitier wheatgraes PNGCD Tesaps cn wrihoer
Sherp frsene PNCI Fiiss i
Shurtawn it PNCD Unpciatis urguintis
Suleniats gramy PyYWD Bewteionsiy et il
Sivmerks frvnr ANC Y [ S— -
Slember wheatgrass PMUCD Teeapscan teaeh s ot fos e
{0 eaninum)
Smaath brome P LAY Heamus imermin
Sofl breme ATCY Arnmus mollis
Sprke bentgrass PNCD Taerastin exareie
Spikelerur PNCD Hespeenching kingy
Spihenat PNCI Helictowrichon huehwes
Spiketririum PNCD Triwetum spucetum
Stinkgras- ALWY Eeaigronis crlivunens
Streambank wheatgrass PNCI lerapyenn tepereinm
Sweelgrans PNCD Hiernchine wivean
Switchgrass PNWD Pumienm vicgatum
Thickspike whratgrass PNCI* Agrognron dasvstaeh i
Tirklegrass PNCI dgrodtic wihen
Timber slanthonia PNCGI Danthonia intermediy
Timathy PICY Phleum pratense
Tuftel hairgrass PNCD Deschumpun e
Tumblegrass PNWI Sehedranuridis frrntenliten
Velveigrass PICYV Holeus Inmans
Wreeping alkaligrass PICVY Pucanellin distuns
Western nredlegrass PNCD Stipur aevideatolis
Western wheatgrass PNCI* lggrapvron wmiths
Wild oat AlCY leena farun
Williams needlegrass PNCD Steper wrlliven i
Witchgrass ANWY FPanicnm capilliee
Yellow hristlegrass ALTWY Setarerer fatewernay
Grasses

(Scientific Name)

o
I &
SEFT
SEFE

Aegilops cvlindrien AlLCY jorniel guatgras
Agropvron erisvtatium! PLCI crete] wheatgras-
1. dasvatach vum? PNCI* thirkspibe wlieargra--
1. tntermedinm PICHY inteemediate wheatgraes
1. repens | i B uackerass
1. Aparinm PNCa ~trrambank wlicatzris-
1. serhaeri PNCD Serthiver wliealgras
A wnithic PNC I western wlieatgras-
1. spiratum PNIUD Bluebuih whiealgra=-
1. spicatum rar. incrme PNCD beanlless wheaigri--
4. wbserundum PNCD Ieanded wheargrass
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# Agrogn e doesy tack vam comples telides
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t trachveaulum

f 0 rumiaum)
[ trae hoypshrosenim
larinsti s anfbo
1 wevaraen

I oadihiwenas
b et
Hpaewers aequalin
1 atlpnaas
[ prarenas
Indlengonn gerardii
1 herdlie
Peistuln fendleriana
I inagisein
lrenn fotun
Herkmunata wwagachne
Houtelona curtipendula
H. grarilis
Bromux anomnalus
heizaeformis
crriantug
eilieetus
rrmmuintg
taermis
Jrponicus

TxERETx®

nrgiaalis
(8. rannatus)
B. mollis
A. scalinus
B. tectorum
Buchloe dactvloides
Calamagrostis canadensis
. montanensis
[0, purpurascens
17, rubescens
Calamovilfa longifolia
Cutabrow aguatica
Cenchrus longispinus
(inan latifolia
Bacivlis glomerata
Danthoniu californica
D. intermedia
D. parevi
D. spicata
D. unispicata
Dewhampua ntropurpurea
0. cuespitasa
Destichlis stricta
Echinochlon crusgalli
Elvmus canadends
E. cinereus
E. gluucus
E. juncrus
E. marounii
FEregerastis cifianenus
Fevnrn elatior

(. peateass)
Forelrehoenus

Fomvina
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slerler whiatgrass
pridlieseenl whealgrass
errltup

~prke bentgriass
Telabwe relrop
teklegras-~
shurtawn fuxtail
alpine Tostail
meadow foxtail
hig hlur=tem

saml bluestem
Fendler threrawa
reil thresawi

wilsl aat

\inerican sloughgrass
silroats grama
blur grama
nodding brome
rattlesnake brome
(alifornia brome
Tringed brome
hairy hrome
smonth brome
Japanese brome

muuntain brome
soft brome

chess brome
cheatgrass
buffalograss
bluejoint recdgrass
plains reedgrass
purple reedgrass
PI“!KII!’

prairie sandreed
brookgrass
sandbur

drooping woodreed
archardgrass
California danthonia
timber danthonia
Parry danthonia
peverty danthonia
onespike danthonia
mountain hairgrass
tufted hairgrass
nland saltgrass
barnvardgraas
Canada wildrye
basin wildrye

blue wildrye
Russian wildrye
Maroun wildrye
stinkgrass

mraduw lescue
Tidahns Fescure
~heep fesene

TevI®NT

Fomvim vae durieendn
Foouhea
F.osenbeeltn
(ilveenn geandis
Helictateiehan hooker
Hespreahiva kingen
Huerochloe adormin
Hdeus lanatus
Hordeum beachvantherum
H. jubatum
H. prsilfum
Kuoelertn enstata
Lolicin mudtefTorum
[.. perenne
L. peracum
Welien bulbosa
M. spectabilis
Muhlenbergia asperifodia
M. cuspidare
M. montana
M. racemosa
M. richurdsonis
Wunroa wquarrasa
Oryzopsis hvmenoides
Pansenm capsillnre
P. rirgatum
Phalnns erundinaren
P. ranariensus
Phirum wlpinum
P. pratense
Phragmites communis
Poa alpena
ampla
annun
anda
halbaza
canbvi
comprea
F. custekn
P. fendieriana
P. juncifolia
P. nevadenss
P. paluuris
FP. pratensis
P. sandbergii
Polvpogon monspelienss
Purcineflia distans
P. nuttalliana

(P. airoides)
Schedoanardus paniculacs
Sehizachvrium scopariwm
Setaria lutescrns
S, vurvdis
Sttanion hvsenc
Spartina gracilis
5. pectinaia
Sparoholus airodes
S ervptandrus
Stupa columbiana
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hard <heep fraeye
el Toseye

revtgh foemeiae

Vot rican mannagras.
sprhenar
pikefraur
awrrlgrass

vy etgrass
meadow harles
foxtail barley

little harley

Prairie junegrass
Ttalian ryvegrans
perennl ryegeass
Prrstan ryorgrass
CIULTTI TS

purple oniongras<
alkali muhly
plains mulily
mauntaim mulily
marsh muhly

mal muhly

false bulfalograss
Iindian riregrass
witchgrass
swileligrass

reed ranarvgrass
Fanarygrass

alpine timothy
timothy

rommon Feelgrass
alpine hluegrass
big hlurgrass
annual hlurgrass
plams hluegrass
hulbous hlurgrass
(anhy blurgrass
(anala bluegrass
stk bloegras-
Ml Tungrass

alkali Bluegrass
Nevada bluegrans
fowl blurgrass
Kentucky bluegrass
Sandberg blumgrass
rabbitfunigras:
werping alkaligrass

Sountall alkaligras«
tumblegras=

little bluestem

vellow bristlegrass
green hristlegrass
bottlehrush squicreliail.
alkali vurdgrass

prarie conlgrass

alkali sscaran

~amil deajreml

Colitnbia nerdlgrass



Vegetation Sampling

N romitn
N, fetteemeny

i

weriilentalis
tirkardsann
spwirtee
vartelule
wilfirem s
Tetsetum spicatum
Vudpn oetofinre

s

UV TTUNNT
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temlleandtheeal

L |

©n Letterman memlligrass
G0 e o s
GO Reelispilaun nresiligras
CD LT THEE et

CD preen meedlegeass

coD William~ neellegrass
cCD apike teisetum

cyv sixwerks fescue

Grasslike Plants
(Common Name)

Carex denchuris (€. stenophviln)
Carex feuivelln

Furex filifolia

Curex geveri

arex heliophila

Caree nebeaskensis

Curex pensvivanica

Eleocharia spp.

Juncus halticus

Luzula glabeata

L} !'l
o,
Pq,“

e,
ey,
#,

JELy

PNCI needleleaf sedge
PNCD ovalhead sedge
PNXCI1 threadleal sedge
PNCD elk sedge
PNCII sun sedge
PNCD Nebraska sedge
PNCI vellow sedge
PNCI spikesedges
PNCD Baltic rush
PNCD smooth woodrush

Grasslike Planis
(Scientific Name)

=
Faft
R

Baltir rush PNC
Elk ~erler PNC
Nobeasks sede PNC
Nerdleleal sedge .‘PNC
Ovalhead sedge PNC
Smonth woodrush PNC
Spikeseidpes PNC
Sun wedge PNC
Theralleal selge PNC
Yrlluw selpr PNC

-r,

—==—00=000 M

"""v,,

K,

Junrus balticus

Carex geveri

Curex nebraskenus

Curex eleochuris (€. wenaphvila)
Carex festivella

Luzula glabeata

Elenchuria spp,

Cares helinphila

Curex filifildie

Caree pensvivanicn

2009

Forbs, Ferns and Mosses
(Commuon Name)

Alfalfs

Alkaline bladderpad
Alpine bluebell
Alpine dustymaiden
Alpine lorgetmenot

Alumroot
American bistort
American licorice
American vetch
Andersons larkspur
Annual eriogonum
Annual sunflower
Aromatic aster
Arrowleafl balsamroot
Ballhead gilia
Ballhead sandwort
Bastard 1oadflax

Beargrass

Beasey pointverch
Bigbract verbena
Biscuitroot
Bitterroot

Black medic

Black mustard
Blacksampsan
BlanketMower
Blue-eyed grass
Blue-eyed Mary
Blue Max

Blue lettuce

Blue mustard
Brackenfern
Breadroot scurfpen
Broadfruit mariposa
Broadleal arnica
Browns larkspur
Bulb waterhemlock
Bull thistle
Burclover
Burdock

Burkes larkspur
Butter and eggs
California falsehellebore
Camas

Canada thistle
Canada violet
Carolina draba
{anail

C5
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Wedicngs wtiva
Lesquerelln nlpian
Wertens adpinag
Chaenaries alpina
Eretetchium elongarem

(E. aumun)
Heuchern rchandsonti
Polvgnaum bistartoides
Glyeveehiza lopudota
Ficia americana
Delphinium andersonii
Ernogonum annuum
Hefianthus annuus
Aster ablongifolius
Balsamorhiza sagittata
Gilia congesta
Arenaria congesta
Clomandra pallida

(€. umbellata)
Yerophvilus tenaz
Oxvtropis bessevi
Verbena bracteara
Lomatiwm foeniculacrum
Lewisia rediviva
Wedicage lupulina
Brasica nigra
Echinacra angustifolia
Callardia aristata
Sesyrinchwm angustifolium
Collinsia parviflora
Linum lewisii
Lactuca pulchella
(Chorispora tenella
Precidium aquilinum
Pioralea #sculenta
Calochortus nitidus
Arnica lanfolia
Defphincum beawnii
Cicuta bulbifera
Cirsium rulgare
Vedicago hispida
Arctium minus
Delphinium burker
Linara rulgans
Veratrum ralifarnicum
Camassia quamash
Cirssum arrense
Fiola canmienss
Deaba replans
Typha lanfolia



Vegetation Sampling

Charlink mustand
Uhiekwerl

Flasping peppreweed
Clustereil broomeape
Corklehur

Columbia monkshvad
Common evemningprimeose
(lommon horsetail
Commun milkweed
Commun sainfom
Commuon spiderwort
Commun starlily
Comman tansy

Cow parsnip
Creeping silene
Creeping white prairie aster
Cudweed sagewort
Curlycup gumweed
Curly dock

Cutleaf balsamroot
Curleaf conefllower
Cutleal nightshade
Dalmation toadflax
Dandelion (common)
Dense clubmoss
Desert alvasum
Desert princesplume
Desert wirelettuce
Dotted gayfeather
Douglas waterhemlock
Downy Indianpaintbrush
Drummond milkvetch
Dustymaiden

Dwarl nettle

Eastern lomatium

Elk thistle

Elephanthead
Engelmann aster
Fairyslipper

False pennyroyal

False prairie boneset
False solomonseal
Fanweed

Fernleal lousewort

Few fMowered buckwheat

Field bindweed
Field chickweed
Field Muffwaed
Field mimt
Field sagewort

Field sowthistle

Filaree

Fineleal hymenopappus
Firrweed

Fivepetal blazingstar
Flannel mullen
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Heavarn kiher
Ntellurra medin
Lepufiin perfilintum
(enbenche forsvieudua
Vaathim srnmeriam
lranutum columbintum
Ornathera hiennis
E-;mwhlm ArTEnse
Aselepias wwnnca
{nohevchis viciaefolia
Tendescantia bracteata
Leucocrinum montanum
Tanacetum vulgace
Heracleum lanamm
Silene repens
Aster falcatus
Artemisia ludoviciana
Grindelin squarress
Rumex crispas
Balsamarhiza macrophyila
Rudbeckia laciniata
Solanum triflorum
Linaria dalmatica
Tararacum officinale
Selaginella densa
Alvssum desertorum
Stanleva pinnata
Stephanomeria runcinata
Liatris punctata
Cicuta douglasii
Castilleja sessiliflora
Astragalus drummondii
Chaenactis douglasii
Urtica urens
Lomatium orientale
Cirsium foliosum
(. scariosum)
Pedicularis groenlandica
Aster engelmannii
Calvpso bulbosa
Hedroma drummondii
Kuhnia eupatoricides
Smilacina racemeona
Thiaspi arvense
Pedicularis cvstopteridifoli
Eriogonum pasuciflorum
(E. multiceps)
Convolvulus arvensis
Cerastivm arvense
Filago arvensis
Mentha arvensis
Artemisia campestris
(4. canadensis)
Sonchus arvensis
Erodium cicutarium
Hymenopappus filifolius
Epilobium angustifolium
Mentzelin laevicaulis
Ferhascum thupsus

ke

Fosaetaen

ol et b ams

Fuzas tungne penstemun
Gever Lark=puir

Clavier lily

Cland vinuefol
Glauvus lark-pur
Goatwes|

Culilenwrrl

Cordun ivesia

Geren lalsehellebure
tireen gentian

Green milkmnerd

Creen <agewort
Groundvherry
Croundplum milkveich
Hairy goldenaster
Halogeton

Heartleal arnica
Hemlock waterparsnip
Hemp dogbane
Henbane

Hoary aster

Hoary balsamroot
Holboell rockeres-
Hood phlox

Hook vigler

Hooker fairybell
Hooker sandwori
Horsemint

Hursewerd
Houndstangue

India mustard
Jimsonwerd
Lambsquarters goosefoot
Lambstongue groundsel
Lanceleal springbeauty
Lanceleaved sage
Lealy spurge

Leopard lily

Lewisia

Lily of the valley
Littleflower penzlemon
Littlepod falseflax
Longleafl phlox
Longstalk clover

Low Meabane

Low larkspur
Manyflowered aster
Marsh arrowgrass
Marshelder sumpweed
Marsh horsetail
Masunilians sunflower
Meadow deathcamas

Minerseandle

Missourt goldenrul
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Ao preenendutin
Waamatrs aulpmtens

P et}
Pensiemun vrree it erg
(LT TP —
Ersthevaimm senmilifioem
Prtentall glonduloeg
Delphinium glauceseens
Hypericum perforntum
Warhueranthera grindeforde
Tt wordonsi
Uaritrum veeiele
Fresera sperinsn
{aelrpuns vieadiflora
drtemesiar draenncidig
Phvaalis fongifolia
Autragalus erassiearpus
licteratheca villosa
Halogeton glomeratus
dracca cordifolin
Sium winve
Aparvanm cannabinnm
Hvoevamus nygee
Machueranthera cunescens
Balwmochiza incana
drabiy holboellii
Fhinx hoodic
Viola adunen
Draporum hoakeri
Arennria hookeri
Haaarda fistulasa
Convza canarensis
(vnnglosum officinalr
Brassien juncen
Doatura steamaoninm
Chenopodding album
Senerio integernmus
Clavtonta lanvenintn
Selvre eeflexa
Eupharbin evula
Fatillarw ateperpearen
Lewisin pvgmaen
Smilartna wellnta
Prnstemon peocerus
Camelina microcarp
Phiae long folin
Teefolium longipns
Ertgerna pumilus
Defphintum hicolar
duter ericondes
Tesglochen palusris
Ira canthifolin
Equisetum paliustre
Helianthus moximilion
Zvgadenns renennss

(7. tniermeding)
Crvpthanthe headbarinna

[0, relasitelrs)

validugn missorenss



Vegetation Sampling

Missomirr milkvereh
thene

it blurhell
Meventain et beamas

Muuntam gentian
Mountan hollyhork
Munntain ladvslipper
Muuntain sweelroot
Manntain thermuopsis
Mulesear wyethia

Musk thistle

Narrowleal gromwell
Narrowleal poisonveteh
Narrawleavel Tour-o'clock
Marcowleal Imilianpaintbrush
Nelrons larkspur

Nettleleal gianthyssop
Nineleal lomatium
Modding anion
Northern bedstraw
Narthern blue violet
Nerthern sweetveich
Narthwest cinqueloil
Northwestern mariposa
Muttall eveningprimrose
Suttall evolvulus

Nuttall violet
Nakleal gooseloot
Dblongleafl bluebell
Nrange arnica
Parific lupine
Pacific trillium

Pale agoseris

Pale alvsaum

Parry townsendia
Pasquellower

Prarly everlasting
Prpperweed whitetop
Pink microsteris
Pink pyrola

Pinnate tansymustard
Pinque hymenoxys
Plains bahia

Plains milkweed
Put~on hemlock
Palvpidy

Puoverty sumpweed
Prairie conefllower
Prairie groundsel
Prairie union

Praitie prpperwes] .
Prariesmuoke

Prairie sunflower
Prairie thermuopsis
Prockly lettier

Brickls puppy

PN
PN
PN
PNC
PNW
PNC
PNC
PXC
PNC
PNC
BIlC
PNC
FNC
PNC
PNC
PNC
PNC
PNC
PNC
PNW
PNC
NE
PNC
ENC
PNC
PNW
PNC
Al w
PNC
PNC
PNC
PNC
PNC
ANC
PNC
PNC
PNE
e B
ANC
PNC
ANC
PNW
PNC
PNW
BIWwW
PNS
PNW
PYW
PNC
PNC
ANC
PNC
ANW
NG
BIw
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Vssrngealin s missemiren s
Nelene cecenlen
Wertensn cifisriee
Fvsgnedennes wlegenns
fientine rolvens
Hlinman rendaris
Cvpridedinm montnnum
OQsmarkiza chilensis
Thermopsis montunn
Hvethia nmplexicaulis
Carduus autans
Lithaspermum incisum
dstrngalus pectinatus
Mirabdis linenris
Costilleyn angustifnlin
Delphitinm nclronii

(B. auttallianum)
Agastache urticifolia
Lomatium triternatum
Allium cernuum
Galium borrale
Viela septentrionalis
Hedviarum boreale
Potentilla gracilis
Calochertuy elegans
Ornothera autallii
Evolvulus nuttallianss

(E. pilasus)

Fiola nuttallii
Chenopndium glaucum
Mertensin oblongifolia
Arnica fulgens
Lupinus lepidus
Trilfium ovatum
Agoseris glauca

Alvswm alvisoides
Townsendia parrvi
Anemaar patens
Anaphalis margaritacen
Cardaria draba
Wicroweris gracilis
Pyvola asarifalia
Descurminia pinnata
Hymenoxvs richardsonii
Bahia nppostifolia
Asclepias pamila
Conium maculatum
Polvpoddinm hesperinm
Tra axilluees
Ratbadu columnifern
Seneria plattenys
Hltum textile
Lepidinm densiflorum
Cirum trflorum
Helianthus petindaris
Thermupus rhombifolia
Lactuen werioln

fl.. sworriedie)

Irwemune intermedia

Pevichly prppy

Purple conellower
Pugple pountloens
Purple prairiecluver
Pursh luco

Pursh seepweed
Querncup beadlily
Reil glasswort

Red kirtentail

Red monkev(lowsr
Reddraot pigweed
Richardson geranium
Ruleeseed spurge
Rurket larkspur
Rorky Mountain beeplant
Ruvky Mountain gavfeather
Rucky Mountain iris
Rose pussyioes
Rough pennyroyal
Roundleal harebell
Rush skeletonweed
Russian knapweed
Russian thistle
Rusty lupine
Sagrbrush buttercup
Sagebrush mariposa
Salsify

Scarlet gaura

Searlet gilia

Scarlet globemallow
Seaside arrowgrass
Segolily mariposa
Sherp sorrel
Shooting star

Showy aster

Shpwy milkweed
Shrubby eveningprimrose
Silky lupine
Silverleal scurfpes
Silverweed cinquefoil
Silvery lupine
Slenderleal collomia
Slimflower scurfpea
Slimleal goosefoot
Slim larkspur
Small-leal pussvtoes
Smooth aster
Smooth vellow violet
Sneczeweed
Snow-on-the-mountain
Spearmint

Spear saltbush
Speckled loco

Spiny cocklebur
Spiny goldenweed
Spotted knapweed
Spreading Jdogbane
Sprexling Meabane

Spur lupine
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Ireemanre polfvanthem s
Eehumincon prallisfe
(hsteapies lumborre
Metdotemun Feirpirenm

Tetrantus purihu
Susterdie depresio
Clintonca wniflors
Saliroraim ruben
Heveva ruben
Wemulus lererny

Imuranthus ceteaflecus
Ceramum richurdsonii
Euphorhia elvptospermun
Delphiaium apucis
flenme sereuluta
Linters figmfiavins
Iris messourtensis
Antennana rosea
Hedeoma hispida
Campanula rotundifolia
Lvgodesmia juncen
Centaurea repens
Salsola kali
Lupinus pusillus
Ranunculus glaberrimus
Calochortus macrocarpus

Tragopogon dubius
Gaura tocctnea

Gilia aggregata
Sphaeralcea coccinea
Triglochin maritima
Calochortus nuttallii
Rumex acetosella
Dodeentheon pauciflorum
Aster rorspicuus

dselrpns speciosa
Oenathera serrulata
Lupinus sericeus
Paralra argophyila
Potentilln anserina
Lapinus argenteus
Collomia linearis
Pioralen tenuiflora
Chenopodium leptoph vilum
Delphiniam depauperatum
Antennaria parviflora
Aver lneves
Finln glabeiln
Helemium autumnale
Euphorbia marginata
Hentha spicata
Atniplex patula
Astragalus lentiginosus
Xanthium sprnosum
Happlopappus winulosus
Centnnren maculosa
lpaevaum androsaemifolium
Ertweron fisergens
Lupnans lnxiflorus



Vegetation Sampling

Srartluwer

b

b menotys
ms railwart
Stk geranunm

Sull gnldenrwl

=0fl ~unflower
Sulfstem fax
Stinging nettle
Stune<eel

Siparhowl

Suhsdorel= hranmeape
Sullur eriogonum
Sullur lupine
Summer Cvpress
Swertsrenled bedsiraw
Tasoup lupine

Tall larkspur

Taperiip hawksbeard
Tenprial blazingstar
Thiekleal groundsel
Thinleaved owlclover
Theeallral phacelia
Theeelraved milkveich
Timber milkvetch
Touthed mirroseris
Tuberous sweetpea
Tultel eveningprimrose
Tufted milkverch
Tumble mustard
Tumbleweed pigweed
Twin arnira

Twinleal bedstraw
Twogreoved milkvetch
L mhrella buckwhest
Velvet lupine

Velvety goldenrod
Virginia strawberry
Wartberry fairybell
Washington lupine
Waterleal

Wavsleal thistle
Waxleal penstemon

W estern conefllower
Western goldenrod
Western meadow aster
Western meadowrue
Woeslern ragwesil
Woestern rockjasmine
W estern roundleaved violet
W rstern stickses]
Worestern walllluwer
Western varrow

Wlite hawkweed
White milkwort
White mustard
W hite penstemon

W hute phlox

REER AR A RLERERLEREREEFR PR L R L P E R E L e P L e
L L L L 8L LLLLLLLLLLLLLLLLL =L AL L LLELLL LA AL L= L L L L L L LA s PP L
annﬁntn44nnqnnnnqnnnnnqnnnnnnﬁnnqannnaann:ﬁnnnﬂanc:t
.-.qq--q—-.-u——-q———————.—q.—-—_q——c———-f_{—q—-—..—.f_.—_-—f_f_g.—c___—

B - -
L L -t L
isNs NN |
—-——-

Lathophengma porsrflorn
Dhiventen uniflorn
Hvmenaes s aeanlia
Paronvehu sessfiflora
Cleraminm roseosisdmum
Solielugeer rraztelne
FHetianthus regiedicn
Lanum rigrdium
[ rtieet disuen
Lithaspermum ruderale
Clemautis hursutissima
Orabanche ludoviciana
Eriogonum wmbellnium
Lapnus sdphureus
Kochia scopnrin
Calivm tnflorum
Lupinus caudatus
Delphinium occidentale
Crepis acuminala
Mentzelin decapetaln
Senercio erassulus
Orthocarpus tenuifolius
Phacelia linearis
d uragalus gilviflorus
Astragalus miser
Microseris cuspiduta
Lathyrus wberosus
Oenathern carspitosa
Astragalus spatulatus
Sisymhrium allissimum
Amaranthus graecizans
Arnica sororia
Galium bifolium
Astragalus bwleatus
Eriognnum heracleoides
Lupiaus leacophvllus
Solidage mollis
Fragaria viggininaa
Disporum trachyearpum
Lupinus polvphrilus
Hvdraphvilum capitatum
Cirsium undulatum
Penyemon nitidus
Rudbeckia accidentali
Solidngn seridentalis
Aster campeuris
Thulictrum nccidentale
Ambrosia pilosachva
Androsace orcideatalis
Frolu orbeculata
Lappnida redowkii
Ervamum asperum
Achillen lnnulowm

(A, millefolium}
Hierarium albsyfTorum
Polvgala alba
Brasuea hirta
Peastrmnn albadus
Phine multifloea

White pointhoens
White pearieclover
Wlhitestem evenngprimense
White sweetrlover
White wilil swertpea
White wyrethia
Whorled milkweed
Wild hvacinth

Wild parslev
Woodland pinedrops
Woodland sage
Woodland strawberry
Woed lily

Woolly eriophvllum
Woally groundsel
Woolly plantain

Wyeth lupine

W yoming Indianpaintbrush
Yampa

Yellow beeplant
Yellowbell

Yellow buckwheat
Yellow Indianpaintbrush
Yellow monkevilower
Yellow awlclover

Yellow skunkcabbage
Yellow starthistle
Yellow stonecrop
Yellow sweetclover
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hosrrugns wertrmn
Petatleoniomen canidisdum
Ovantheen albicanliv
Wedilotus aalhe
Lathveus sehealenrnas
W vethia helinnthoiode
beclepuas vertieidlata
Rrvdiaen douglosic
HWusaecon divartcatum
Pteraspora andromeden
Sulvie svivesris
Froagarin vesca
Liiwm pholadelphicum
Eriophvilum lanatum
Seaecio canus
Plantago patagonica
(P. purshu)
Luptnus wveehii
Castilleya linariaefolia
Perideridia gairdneri
Cleome lutea
Fritillaria pudica
Eriogonum flavum
Castilleja flava
Wimulus guttatus
Orthocarpus luteus
Lysichitum americanum
Centauren solstitializ
Sedum stenopetalum
Melilotus officinalis

Forbs, Ferns and Mosses
(Scientific Name)

Achillea lanulosa

{4, millefolium)

Aconitum columbianum

Agastache urncifolia
Agoseris glauca
Allium cernuum

A. textile

Alyssum alvisoides
A. desertorum

Amaranthus graecizans

4 retroflexus
imbrana pulostachva
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wealern varrow

Columbia monkshood
nettleleal ganthyssap
pale agoseris

nedding onion
prairie onion

pale alyssum

desert alvssum
tumblewerd pigweed
redraot preweed

western ragweed



Vegetation Sampling

Lanphalin murgaritacen

Faudeosre orridentelis
farmane patens

tatennuria puserifloes

I sy

Hpmievanm androsaemifolium

1. vannchinum

Trahis holboellic

teettm minas

freaaria rongesta

1. honkert

lrgrmane intermedia

1. polvanthemos

{rniea cordifalia

1. fulgens

1. lanfolia

1. woronn

Artemisia compestris
(1. canadensis)

A. dracunculus

1. ludoviciann

Aselepias pumila

1. speriosa

i. wriara

1. verricillata

1. nindiflora

Aster campestris

1. conspicuus

1. engelmannii

1. ericoides

1. falcatus

1. larres

1. oblongifolius

{dtragalus bisuleatus

1. erasucarpus

drummondii

mriveflorus

. Aennginosus

miser

missouriensis

pecitnatig

purshu

spatulatis

dmplex patula

Baha oppositifolia

Balsamorhiza incana

8. macrophviia

B. wgittata

e e

-

Briwva ruben
Brasuca hirta

B. juncea

B. kaher

B. nigra .
Brodiner fasii
Calochorius slegans
. macrocarpus

], ntudues

7 auitaflu

Foals pres hatheat
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prarly sverlasting
western rockjasmine
pampiellower
small-leal pusavtom
e ssviies
spreading doghane
hemp dugbane
Hulbeell rockeress
buriock

ballhrad sandwart
Hooker <andwort
pricklvpappy
pricklvpoppy
heartleal arniea
orange arnira
broadleal arnica
twin arnica

field sagewort

Ereen sagewort
cudweed sagewort
plains milkweed
showy milkwesd
common milkweed
whaorled milkweed
green milkweed
wesiern meadow aster
showy aster
Engelmann aster
many(lowered aster

creeping while prairie aster .

smooth aster
aromatic aster
twogrooved milkvetch
groundplum milkveich
Drummond milkvetch
threeleaved milkvetch
specklad loco

timber milkvetch
Missouri milkvetch
narrowleal poisonvetch
Pursh loco

tulted milkvetch
spear saltbush

plains bahia

hoary balsamroot
cutleal balsamroot
arrowleal balsamroot
red kittenrail

white mustard

India mustard
charlork mustard
blark mustard

wild hvarinth
northwestern mariposa
sagebrush mariposa
henadlruit mariposa
<egolily mariposa
fairvslipper

(anmmarssnan aprusrmonsh
Cvtereeliaaes mar socurper
Fempnenalee rewveadsfodig
Eopedfusrior odrsthan
reedins autins
Clastellepn sngnsrfolia
€, tlara
e, finarinefolin
(1 sessiliflara
Centimren maculow
1. repeas
€. wilsntinlis
Cornstium nreens
Cheenuctis alpina
. douglisi
Chenopdium afbum
r. glaucum
€. leptaphyllum
Chorispora tenella
Cicuta bulbifera
€. douglasii
Ciruum arvense
(.. foliosum
(. swariosum)
. undulatum
fZ. vulgare
lavionia lanceolata
Clematis hirsutissima
Cleome lutea
C. serrulata
Clintonia uniflora
Collinsia partiffora
Collomia linearis
Comandra pallida
(. umbellata)
Comum maculatum .
Convolvulus arveasis
Convzn canadenus
Crepis acuminata
Crvpthanthn bradburiana
(. celasioides)
Cvnoglossum officinale
Cypridedium montanum
Datura stramonium
Delphinium ajacis
andrrsonii
bicolor
heawni
burket
Adrpauperatum
geveri
glnucescens
nelsoni
(0. auntallianum)
D. ocardentale
Descuraine pinnata
Dieenten unifloen
Duspoerm hookert
D trachvearpum

SOPPPOOD
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lithepnd [laeilan
romtpnlleat’ harohel|
pepprrweed whiteiog
b sl

sarenwleal Tndanpaimibeg.
vellow Indianpaintbeosh
Wovnming Indianpaintheis),
downy Indiaapaintheish
~pottenl knapwer|
Rus=tan knapwesil
vellow starthistle

Tield chickwered

alpine dustymaiden
du=tvimanlen
lambasjuarters gooseluot
oaklral goosefoot
slimleal goosefoot

blue mustard

bulb waterhemlock
Douglas waterhemlock
Canada thistle

elk thistle

wavyleal thistle

bull thistle

lanceleafl springbeauty
sugarbowl

vellow beeplant

Rocky Mouniain beeplant
queencup beadlily
blue-eved Mary
slenderleafl collomia
bastard toadfax

peison hemlock
field bindweed
horseweed

tapertip hawksbeard
minerscandle

houndstongue
mountain ladvslipper
Jimsonweed

rocket larkspur
Andersons larkspur
low larkspur
Browns larkspur
Burkes larkspur
slim larkspur
Gever larkspur
glaucus larkspur
Nelsons larkspur

tall larkspur

pinnate tansymusiard
steersheal

Hooker fairvhell
wartherry {airvhell



Vegetation Sampling

Deslecathenn prsefoeum
Dhewsbr reptens
Hehnetrsn anguesifiici
E. peitliade
Fpidabonm anwstifolium
Eyuisetiom wevense
E. preluvere
Erigeenn ivergens
E. pumiluy
Ertugonum annum
E. uvum
E. hernclenides
E. paucflorum
1E. mulinreps)
E umbeflnium
Ertsphvilum lanatum
Entrichium elongatum
(E. awmun}
Erodium ricutanum
Ervsimum asperum
Ervthronium grandiflorum
Euphorbea esula
E. glvpiosperma
E. marginaia
Evolvulus nuttallianus
(E. pilosus)
Filage arvensis
Fragaria resca
F. virginiana
Frasera speriasa
Frnllana atropurpurea
F. pudica
Gallardia aristata
Galium bifolium
;. bareale
. tnflorum
fiaura coccinen
Genttann ralveosa
Cieranwm richardsonii
3. rviscosisumum
Geum triflorum
Gilia aggregata
(. congesta
Glvevrrhiza lepidota
Grindelia squarrasa
Halogeton glomeratus
Haplopappus spinulasus
Hedrama drummondii
H. hospidn
Hedvsarum boreale
Helenium autumnale
Hellanthus annuws
H. mazimilian:
I, penolans
H. agrdus
Heracleum lanatum
Heterathecn villosa
Heurhera nichardsonii
Hieracwum albiflorum
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2
4

NC1
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=honting <tar
arnling draba
hlack~amgpin
purple conellower
[T |

vommon hursetail
marsh horsetail
spreading Meabane
low frabane
annual eriogonum
vellow burkwheat
umbrella buckwheat
lew-MNowered buckwheat

sullur eriogonum
woolly eriophyllum
alpine forgetmenot

filares ;
western wallflower
glacier lily

lealy spurge
ridgeserd spurge
snow-on-the-mountain
Nuttall evolvulus

field fluffweed
woodland strawberry
Virginia strawberry
Ereen genlian
leopard lily
vellowbell
blanketlower
twinleal bedstraw
northern bedstraw
sweetscented bedstraw
scarlet gaura
mountain gentian
Richardson geranium
sticky geranium
prairiesmoke

scarlet glia

ballhead gilia
American licorice
curlycup gumweed
halogeton

spiny goldenweed
false pennvroval
Rough pennyroyal
northern sweetveich
snerzeweed

annual sunflower
Maximilians sunfower
prairie sunflower
3till sunflower

cow parsnip

haiey goldenaster
alumrant

white hawkwesd

Hleaph st captistim
Hwetivsrogenpegunas filifordians
Hovmeaoes s acandis
H evchaedsann
Hymwevumus niger
Hsperionm perfarntum
Haman etvuluns
Jres mivounienss
Tra wxidlires
1. eanthifolin
lvesia gardoni
Kochta seapania
Kuhmia upatorioides
Luctuca pulchella
I.. serriala

(L. swarriola)
Lappula redowskii
Lathvrus ochroleucus
L. tuberosus
Lepidium densiflorum
L. perfoliatum
Lesquerella alpina
Leucocrinum montanum
Lerwisia pvgmaea
L, rediviva
Liateis ligulistylis
L. punctata
Lulium philadelphicum
Linaria daimatica
L. vulgaris
Linum Lewisii
L. ngidum
Lithaphragma parviflora
Luhospermum incisum
L. ruderale
Lomatium foeniculacewm
L. orientale
L. triternatum
Lupinus argenieus
L. caudatus
- laxiflorus
. lepicus
polvphyilus
leucophyllus
polvphrvilus
sl
. sericeus
sulphureus
- wvethu
Lvgodesmia juncen
Lysichuum americanum
Hachaeranthera canescens
M. grindeliosdes
M. lupulina
M. sativa
Helilotus alba
H. offianalis

Hentha urvensis

P E g pbes s
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walvrlal

Tineleal hymennpappa-
=teanlias Bvmenoyva
g bymenoyys
henlune

20l ]

muuntan hallvhock
Rucky Mountain iris
povrrly sumpwerl
marshelder sumpwerd
Gordun ivesia
summer cypreds

false prairie boneset
blue lettuce

prickly lettuce

western sticksred
white wild sweeipea
tuberous sweetpea
prairie pepperweed
clasping pepperweed
alkaline bladderpod
common starlily
lewisia

bitterraar

Rocky Mountain gayleather
dotted gavleather
woad lily

dalmation toadflax
butter and eggs
blue flax

stilfstem flax
starflower
narrowleal gromwell
stoneseed
biseuilroot

eastern lomatium
nineleal lamatium
silvery lupine
taileup lupine

spur lupine

Pacific lupine
velver lupine

velvet lupine

W ashington lupine
rusty lupine

silky lupine

sulfur lupine
Wyeth lupine

rush skeletonweed
vellow skunkcabbage
hoary aster
goldenweed
burclover

black medic

alfalfa

while sweetclover
vellow aweeiclover
field mint



Vegetation Sampling

W sprenta
Weng zolin deragetla
W fuvveconlin
Werten st stlpnnn
W rtlietn
AL, btbiieifolin
Wrernseers eusprediata
Wiernsterts gracilis
Hemudus gutarus
W fewosr
Wiratulis finearis
Wonnnila fisualnm
Wusineon divaricatum
Wensatis alpesters
(M. svlranen)
Ornothera albicaulis
0- hﬂlnu
0. racspitosa
0. auttallii
Onobeyrhis viciagfolia
Orobanche fasciculata
0. ludaviciana
Orthocarpus luteus
Q. tenuifolius
Osmorhiza chilensis
Oxviropis besseyi
0. fambertii
0. sericen
Paronvchia sesiliflora
Pedicularis cystopteridifolia
P. groenlandica
Penstemon albidus
P. eriantherus
P. nitidus
P. procerus
Perideridin gairdner
Prialogtemon candidum
P. purpureum
Phacelia linearis
Phlox hoodii
P. longifolia
P. multiflora
Physalis longifolia
Plantage patagonica
(P. purshii)
Polvgala alba
Polvgonum bistortoides
Polvpodium hesperium
Potentilla anserina
P. glandulosa
P. graciis
Pioralen argophylla
P. esculenta :
P, tenusfTora
Preridium nquilinum
Prerasparn andromedea
Pyrola manfolia
Rununculus gliberrimas
Rutshudes eolumnifera
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Sparming

tenpretal blazingsiare
Biveperal blazingstar
alpine hluehell
maiintam blurhell
ahlungleal bluehell
toothed mirrpseris
pink microsteris
vellow monkeyflower
red monkeyMNower
narrnwleaved four-o'clock
horsemint

wild parsley
furgetmenot

whirtestem eveningprimrose
common eveningprimrose
tufted eveningprimrose
Nuttall eveningprimrose
commen sainfoin
clustered broomrape
Suksdors broomrape
vellow owlelover
thinleaved owlclover
mountain sweetroof
Bessev pointvetch
purple pointloco

white pointloco
stemless nailwort
fernleal lousewort
elephanthead

white penstemon
fuzzytongue penatemon
waxleal penstemon
littleMower penstemon
yampa

white prairieclover
purple prairieclover
threadleal phacelia
Heood phlox

longleal phlox

white phlox
groundcherry

woolly plantain

white milkwort
American bistorl
polypody

silverweed cinquefoil
gland cinquefail
northwest cinquefoil
silverleal scurfpes
breadroat scurfpea
slimMower seurfpea
brackenlern
woodland pinedrops
pink pvrola
sagrhrish huttercup
prarie cuneflower

Rudhes koo lrraviin
Hovwandeniafin
Hamren steetisetlo

K. ooriagus

Sediveenie cihes
Nerlseder cherien

Salven reflecn
Sooanfrestees

Sedltem tenopetalum
Nelwgrnefla densa
Searcio canus

3. reassulus

3, integerrimus

5. plattenus

Stleae acaulis

8. repens

Sisvmbrium allussimum
Sisvrinchium angustifolium
Sium suave
Smilacina racemosa
5. wellata

Solanum eriflorum
Solidago missouriensis
5. mollis

5. oecidentalis

5. rigida

Sonchus arvensis
Sphaeralcea coccinea
Stanleva pinnata
Stellaria media

Tanacetum vulgare
Taraxacum officinale
Thalictrum oeeidentale
Thermopsis moatana
T. rhambifolia
Thiaspi arvense
Townsendia parrvi
Tradescantia bracteata
Tragopagon dubius
Trifolivm longipes
Triglochin mariama
T. palustris

Trillium ovaum
Twpha latifolia
Urtica dicica

1. urens

Feratrum californicum
V. riride

Ferbascum thapas
Verbena beacteata
Vicia americana
Fiola adunca

V. ranadenus

. glabella

V. nuttallii

V. arhiculntn

¥ septentrionndis

c11
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cantleg] cinnie{Tower
western conelluwer
e wareel

vuely alick

frod slasswiry
Rutsstan thustle
lanveleas el age
wosllamd ~gpe
vellow slanerrop
denise clubmiss
wunlly groundsel
thikleal grounidsel
lambstongue groumdsel
praifie graoundse|
moss stlene
vreeping silene
tumble mustard
blue-ryed grass
hemlock waterparsnip
false solomanseal
lily of the valley
cutleal nightshade
Missouri goldenrod
velvely goldenrod
western goldenrod
stilf goldenrod

ficld sowthistle
scarlet globemallow
desert princesplum
chickweed

desert wirelettuce

. Pursh seepweed

common tansy
dandelion (common)
western meadowrue
mountain thermopsis
prairie thermopsis
fanweed

Parry townsendia
common spiderwort
salsily

longstalk clover
seaside arrowgrass
marsh arrowgrass
Pacific trillium
catrail

stinging netile

dwarf nettle
California falschellebare
green lalsehellebore
flannel mullein
bigbrart verbena
American vetch

hook violer

Canada violet
smooth vellow violet
Nuttall vinle
western roundlraved violet
northern hlue violet



Vegetation Sampling

W vethia ampleciendis
W helianthordes
Vinthiam ypinosum

Y. weumarium
Veraphvilum tenax
Zvgadenus elegans

7. paniculaus

7. venenosas

(Z. intermedius)

PYNC 1 mulesear wvethia
PNCIT white wyethia
ATWY spiny rocklebur
ANV cocklebur

PNC T hargras

PNC I mountain destheamas
PNC 1 loothill deatheamas
PNCI1 mealow deathramas
Caclus

(Common Name)

Brittle pricklypear
Pink pincushion eactus

Pricklypear
Yellow pincushion cactus

£
PNCI Opuntia fragilis
PNCI1 Mammillaria civipara
PNCI Opuntia polvacantha
PNCI Mammillaria missouriensis
Caclus

(Scientific Name)

Mammillaria missouriensis
M. wwipara

Opuniia framlis

0. polvacantha

iy,
Poy,

P74

LY &

S0

PNCI yellow pincushion cactus
PNC1 pink pincushion cactus
PNCI1 brittle pricklypear
PNCI] pricklvpear

Haulf-Shrubs. Shrubs. Trees and Vines
(Common Name)

Alderleal burkthorn
Apine larch
American elm
Amrerian kochia
Amnerican plum

Bug -agebrush
Birrhleal mountainmahagany
Biridluot sagebrush
Bitterbrush

Bitter cherry

Black rottonwood
Black elderberry

Black hawthern
Black sagebrush
Blue elderberry
Boxelder

Broom snakeweed
Bud sagebrush
Cascara buckthorn
Chokecherry
Columbia hawthorn
Commaon juniper
Common snowberry
Coralberry
Creeping juniper
Curlleal mountainmahogany
Devilselub

Douglas fir
Engelmann spruce
Fourwing saltbush
Fringed sagewort
Golden rurrant
Grand fir

Cranite gilia

Grav horsebrush
Grrasewood

Geeen ash

fireen rabbitbrush
Grnuse whortleberry
Kinnikinnaick
Limber pine
Lodgepole pine
Low sagebrush
Mauniain ash
Mountain bozelder
Maountain hemlock
Mountain <pirara

C12
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P>yNC I Rhamaus alnifolia
PNX X Lanr fvallu
PNCD  {lmus amerieany
PNW [ Kok umervana
PNCD  Prunus amevicang
PNW 1 tetemisia tridentitn
PNCD  Cercocarpus montanus
PNW I detemuisia pedatefida
PN CD Purshia tridentata
PNC 1 Prunus emasginata
PNCD  Populus trichocarpa
PNCD Sambucus melanocarpa
(5. racemosa)
PNC I Craegus douglnni
PNWI  Adnemisia nova
PNCD Sembucus carrulea
PNCD dcer negundo
PNW I XYanthocephalum sarothras
PNC 1 {remisa spinescens
FNCD Rhamaus purshiana
PNCD  Prunus vrginiana
PNC I Craacgus columbinna
PNXX  Juniperus communis
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Svmphoncarpes albus
Symphoricarpos orbiculatu.
Juniperus horizontalis
Cereocarpus ledifolius
Oplopanax horrtdum
Pseudocsuga menziesii
Picea engelmannii
dtriplex ranescens
Artemiua frigida
Ribes aureum
Abees grandis
Leptodactvlon pungens
Tetradymia canescens
Sarcobatus rermicularus
Feaxinus pennsvivanica
Chrvsathamaus riseidifTor.
Farcinium scoparium
Arctosnphvios ura-urs
FPrnus flevilis
Pinus contorta
Artemisia arbuscula
Sarbus wopulina
Alnus unuate
Tsuga mertensiana
Spieara swierndens

I35, ddensfidin)

2009



Vegetation Sampling

Whitehark pine PNXX s albecanlis

Martle pachistima PNCD Pachonma myruaste Whitehark raspberes PNC U Rubus bicodermis
Murtle whartleberes PNCU bavcnmm mvetiffus Wliitiloriily PNW I lemans Tingusticifodin
Sarrimleal votlunwaml PN t B Popdus angiestifolin Wit ontintain seens PNCI D actopetatn
Ninehark PN C L Phyacarpns moaliacens White spiraca PNCT Spewen beidifiia
Nowika rie PN C U Ko nwthuna White spruce PNXX  Pieen glauen
Nuttall ~altbush PNWD  dtpler nuttallii W hitestemmed gooseberrs PNC I Ribes inerme

(1. gardneni} Whortleleal snowberry PNC I SNemphotearpos areogphilus
Dvranspray PN C U Halodiscus discolor Willow PNCD Salic g
Oregongrape PNCD  Beeboris repens Winterfan PNW D  (erntondes lanata
Pacifie vew PNC U Turux heerifolia Whnils cone PNC I Rite voodui
Paper birch PNCIT Betain paprifera Yellow mountainheath PNC U Phillwiner glandulifiorn
Pin cherev PNCD  Punus pensvivanica
Pink spiraea PNC U Spienen dowglani
Plains cottonwaood PNCD  Populus deltoides
Puizun ivy PNC 1 Rhusradicans
Ponderosa pine PN XX Pinus ponderasa
Frairie rose PNC I Row arkansann
Princes pine pipsissewa PNC 1 Chimaphila umbellata Half-Shrubs. Shrubs, Trees and Vines
Quaking aspen PNCD  Populus tremuloides (Scientific Name)
Red mountainheath PNC 1  Phvllodoce empetriformis
Redosier dogwood PNCD C(ornus stolonifera
Red raspberry PNCI  Rubus idaeus &
Redstem ceanothus PNCD Cennothus sanguineus 5 ‘._,-_':"
Rock clemaris PNC 1T (Clemans columbiana *(','_‘e 3;
Rucky Mountain juniper PNX X Juniperus swopulneum éo‘-(;\';: o
Rocky Mountain maple PNCD dcer glabeum A
Rubber rabbitbrush PNWI  Chevsothamaus nauseosus Abies grandis PNXX grandhir
Russet buffaloberry PNC 1 Shepherdia ranadensis A. lasiocarpa P NXX subalpine fir
Russian olive P1CVY Elirgnus angustifolia Acer glabrum PNCD Rocky Mountain maple
Serviceberry PXCD Amelanchier alnifolia A. negunds PNCD boxelder
Shadscale PNCT  Aweplex confertifolia Alnus sinuata PNCIT mountain boxelder
Shrubby cinquefoil PNC I Potentilla fruticesa A. tenuifolia PNC 1 thinleal alder
Silverberry PNCI Elnengnus commutata (4. incana)
Silver buffaloberry PN C I Shepherdin argenten Amelanchier alnifolia PNCD serviceberry
Suuver sagebrush PNW I drtemisia cana Arctostaphylos ura-urs PNCI Kinnikinnick
Skunkbush sumac PNCD Rhutrilobata Artemisia arbascala PNW I low sagebrush
Slenderbrush eriogonum PNCD Enogonum microthecum A. cana PNWI  silier sagebrush
Smooth sumac PN CD Rhus glabra A. frigida PNW I (ringed sagewort
Snowhrush ceanothus PNC I Ceanothus velutinus A aova PNW I  black sagebrush
Soapweed PNCI Yueea glauca A. pedatifida PNWI  bird foor sagebrush
Squaw currant PNC I Ribes cerrum 1. spinescens PNCI  bud sagebrush
Sticky currant PN C 1 Ribes riscosissmum Avitrideniaig PNW I big sagebrush
Subalpine fir PNX X  dhes Insiocarpa A. tripartita PNW I threetip sagebrush
Syringa PNCI Phuladeiphus fewisi Atriplex canescens PNWD fourwing saltbush
Thimbleberry PNCI  Rubas parriflorus A. confertifolia PNC 1  shadscale
Thinleal alder PNC I dinus tenuifolia A. nutallii PNWD  Nuttall salibush

(4. incana) (4. gardnerii)
Thinleaved huckleberry PNC 1 lacomum membeanaceum Berberis repens PNCD Oregongrape
Threetip sagebeush PNWI  detemisia tnipartita Betula occidentalis PNC1 water birch
Twinberry honeysuckle PNC 1 Lonicern inrolucrata B. paprifera PNC I paper birch
Twinflower PNC 1 Lisnaea borralis Ceanothus sanguineus PNCD redstem ceanothus
Ltah honevsuckle PNC I Lonicern utahensis £ relutings PNC I snowbrush ceanothus
L'tah juniper P NX X Juniperus asteosperma Ceratoides lanata PNWD winterfat
Water hirch P N C 1 Betula occidentalis Cercocarpus ledifolius PNCD curlleal mountainmahogany
Western hemlock PNXX Tuwgn heterophvila €. montanus PN CD birchleal mountainmahogany
Western larch PNX X Lanrc ocadentalis Chimaphda umbellata PNC I princes pine pipsissewa
Western redeedar PNXX Thuyna plicata Chrysothnmnus nauseoss PNW I rubber rabbitbrush
Western snowberry P NG Svmphartearpas ocerdentalis 2. viserdiflorus PNW I green rabbithrush
Western white pine FNX X  Pians montienln
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Vegetation Sampling

Clemans eofumbiana
1 fingresteerfolin
flnenus woloafern
(ratarsn s eolumbinna
£, slowaglonsin

Nevas wetapetiln
Elrngnis angusttfolin
E. rommutata
Eriognaum microthecum
Fraxinus pennsyivanica
Holodiscus discolor
Juniperus communia

J. horizontalis

1. ostenspermn

J. seopulorum

Nochta americana
Laris fvallii

1. occidentalis
Leptodactvion pungens
Linngea borealis
Lonicera inrolucrata
L. utahensis
Oplapanas horridum
Pachistima myrsinites
Phuadelphus lewisii
Phvilordore empetriformis
P. glanduliflora
Phyviorarpus malvaceus
Picea’ glaura

P, cagelmanaii

Pinus albicaulis

P. contorta

P. flexilis

P. monticola

P. ponderasa

Paopulus angustifolia
P. ieltoides

P. tremulowdes

P. richocarpa
Poteruilla fruticosa
Prunus americana

P. emarginata

P. pensvivanica

P wrginiana

PNC1
PNWw
PNOD
e A |
PNC 1
PNCIH
LGV
BENCI
PNCD
PNCD
PNC ]
PNXX
PNXX
PNXX
P-XXX
PNWI
PNXX
PNXX
PNCI
PNCI
PNCI
PNCI
PNCI
FPNCD
PNCII
PNCI
PNCI
PNCI
PNXX
PNXX
PNXX
PNXX
PNXX
PNXX
PNXT
PNCD
PNCD
PNCD
PNCD
PNC I
PNCD
PNC1
PNXNCD
PNCD

ek clematia

white elemaris
Relusier dugwood
Columbia hawthorn
hlavk hawthuren

white mountain avens
Russian olive
silverberry
slenderbrush eriogonum
green ash

oceanspray

rommon juniper
creeping juniper

Ltah juniper

Rocky Mountain juniper
American kochia
alpine larch

western larch

granite gilia
twinllower

twinberry honeysuckle
Utah honeysuckle
devilsclub

myrile pachistima
3¥ringa

red mountainheath
yellow mountainheath
ninebark

white spruce
Engelmann spruce
whitebark pine
lodgepole pine

limber pine

weslern while pine
ponderosa pine
narrowleal cottonwood

-plains cottonwood

quaking aspen
black rottonwood
shrubby cinquefoil
American plum
bitter cherry

pin cherry
chokecherry

Poetdinsugeet menziess
Purshuir terdentota
Rhamans alnifedin
R. purshinna
Rhus glahen
R. radicans
R. triinhata
Ribes auceum
R. cerrum
R. tnerme
R. riscosissimum
Rosa arkansana
R. nutknna
R. wommlun
Rubus idarus
R. leucodermis
R. parciflorus
Salix spp.
Sambucus coerulea
5. melanocarpa

(5. racemosa)
Sarcobatus vermiculatus
Shepherdia argentea
5. eanadensis
Sorbus scopulina
Spirara betulifolia
S. douglasii
5. splendens

(S. densifolia)
Symphoricarpes albus
5. eccidentalis
S. orbiculatus
5. oreaphilus
Tarus brevifolia
Tetradymia canescens
Thuja plicata
Tsugn heterophyila
T. mertensiana
LU'lmus americana
Faccinium membranacenm
V. myrtilfus
¥. scaparium
Xanthocephalum sarothrae
Yucra glauca
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Doniglas lie
hitterheush
ableeleal buckihuen
vascara huvkthorn
<munth ~uinae
puaison vy
skunkhush sumae
golden currant
squaw currant
whitestemmed Koosrberry
sticky vurrant
Prllrlp rose

nootka rose

Wonnls ripae

red raspherry
whitebark raspberry
thimbleberry

~willow

blue elderberry
black elderberry

greasewood

silver bulTaloberry
russet buffaloberry
mauntain ash
white spiraca

pink spiraea
mountain spiraca

common snowberry
weslern snowberry
coralberry
whortleleal snowberry
Pacific vew

grav horsebrush
western redcedar
western hemlock
mountain hemlock
American elm
thinleaved huckleberry
myrtle whortleberry
grouse whortleberry
broom snakeweed
soapweed



